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ABSTRACT 


The Scatterometer on the NOSS* is studied by means of Monte Carlo 
techniques so as to determine the effect of two additional antennas for 
alias (or ambiguity) removal by means of an objective criteria technique 
and a normalized maximum likelihood estimator. Cells nominally 10 km 
by 10 km, 10 km by 50 km and 50 km by 50 km are simulated for winds 
of 4, 8, 12 and 24 m/s and incidence angles of 29°, 39°, 47°, and 
53.5° for 15° changes in direction. 

The normalized maximum likelihood estimate (MLE) is correct a large 
part of the time, but the objective criterion technique is recommended 
as a reserve, and more quickly computed, procedure. Both methods for 
alias removal depend on the differences in the present model function 
at upwind and downwind. 

For 10 km by 10 km cells, it is found that the MLE method in- 
troduces a correlation between wind speed errors and aspect angle (wind 
direction) errors that can be as high as 0.8 or 0.9 and that the 
wind direction errors are unacceptably large, compared to those obtained 
for the SASS for similar assumptions. These large errors will obscure 
any information about typical mesoscale wind fields at 10 km resolution. 

Pooling the 10 km cells into 50 km cells (5 by 5) effectively 
sanq>les the 2500 square kilometer area more uniformly and over a larger 
total area than using a single large cell. Also in areas of high 
wind gradients, pooling cells in various patterns can provide the re- 
quired resolution. Thus, the 10 km resolution is still needed for 
these applications. Other scanning patterns might be an improvement. 

"k ' ' - --..-mi. II 

Acronym for National Oceanic Satellite System, which was proposed and 
then cancelled. The results of this research will be helpful in the 
design of any future remote sensing radar for measuring vector wind 
over the ocean. 
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INTRODUCTION 


The first measurements from space of radar backscatter in 
an attempt to determine the winds over the surface of the ocean 
were made from SKYLAB by means of an instrument called S 193, 
which was a combination scanning pencil beam, radar-radiometer 
and altimeter. The results of this investigation are summarized 
by Pierson et al. (1978) and by Polcyn et al. (1978). When 
the SKYLAB Earth Resources Experiment was designed, the strong 
effects of anisotropy as a function of wind direction relative 
to the pointing direction of the radar beam had not been realized. 
It was therefore necessary to assume that the wind direction was 
known, so that the value of the backscatter could be related to 
the speed of the wind. 

Prior to the launch of SKYLAB and in the design stages of 
SEASAT, Jones, Schroederet al. (1977) developed an aircraft 
maneuver that made it possible to study the variability of radar 
backscatter as a function of wind direction. This led to the de- 
sign of the SASS on SEASAT in which two radar beams were used 
in a manner such that close-by points on the sea surface could be 
viewed from two different aspect angles, roughly ninety degrees 
apart. After the discovery of this particular backscatter feature, 
Pierson, Cardone and Greenwood (1974) illustrated how it would 
be possible to recover from one to four vector winds from these 
pairs of measurements. (Jie of the vector winds obtained in this vay 
is close to the correct wind. Thie remaining vector*^winds a-re called 
aliases. The theory for the analysiis of the data that were obtained 
by the SASS is based upon these circle flight results and the con- 
cept described by Pierson, Cardone and Greenwood (1974). 
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The most difficult aspect of the problem of relating backscatter 
to the wind speed and direction has been the problem of finding a 
correct .empirical relationship (the model function) between the mea- 
sured backscatter values and the vector wind. The difficulty lies 
in part in the small scale (or mesoscale) variability of the winds 
in attempting to reduce the scatter that results when the winds and 
the backscatter values are compared. This basic problem, namely the 
determination of the model function, has been pursued through SKYLAB 
and the GOASEX I and II Workshops and finally, the JASIN Work- 
shop.* The substantial improvement in the model function as a re- 
sult of the JASIN Workshop will be reviewed below. 

The effort to measure the winds over the ocean by means of a 

radar may be continued on some future Ocean Satellite. System 

by'means of an instrument calledjthe SCA*^. The . SCATT, Scatt^ro- 
meter,has a nui)^^ important planned design imprpyements 

compared to the SASS on SEASAT. The most obvious of these is 
the addition of one more antenna for each polarization, which will 
permit six measurements to be made for a given area of the ocean 
surface. The purpose of this study is to compare some of the re- 
sults from the SASS with predicted results from the SCATT by 
means of Monte Carlo simulations, so as to determine whether 
or not some of the so called aliases, present Jn the SASS measure- 
ments, can be removed from the .S_CATT,...measurements. 

Also the effect of cell size on the sampling variability of the 

measurements and the communication noise and attitude errors in the 

estimation of the vector winds will be studied. It appears that 

the 10 km resolution cells introduce large sampling variability 

t 

effects in the determination of the winds. 


'Bom, G., J. Wilkerson, D. Lame et al. (1979); 

J. Wilkerson et al (1980); Businger, J., R. Stewart et al. (1980). 


^Pooling 25 of the 10 km cells will yield better data than that from 
one large cell for those situations where mesoscale turbulence affects 
the measurements. 
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THE MODEL FUNCTION 


The basic assumption in determining the relationship between 
wind speed and backscatter is that the backscatter can be expressed 
as a function of only three variables, namely the magnitude of the 
wind, the wind direction relative to the pointing direction of the 
radar beam, and the incidence angle of the radar at the sea sur- 
face. This is expressed by Equation 1. 

o° = a°CV, x»e) Cl) 

There are other effects that might be involved so that it 
is possible that more accurate and more plentiful measurements 
might require a modification of this basic assumption. A possi- 
bility is that the state of the sea in terms of the large scale 
gravity waves, which are not in nearly instantaneous equilibrium 
with the local wind, may cause slight perturbations of the value 
of o°. If this were the case the backscatter would be a function 
of the large scale gravity wave spectrum, which is highly variable 
from one place to another over the oceans for a given wind speed 
and direction. 

The results so far have indicated that Equation 1 can be 
expressed in a very simple form, as given by Equation 2, where 
backscatter is expressed in decibels and the logarithm of the 
wind speed is used. 


°db ” ^ 6) + H (x, 0) logjo^ 


In this form, when plotted as versus log^^V, equation, is 
that of a straight line whose slope is determined by H (x, 0) 
and whose intercept at the value corresponding to a wind speed 
of one meter per second (when zero) is given by 


G (x,0). 

^ See. the extensive, literature on two scale theories by various 
authors . 


In some studies, G. and H are defined slightly differently by 
factoring out a 10. 
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Moreover, all of the available data for the present time 
indicate that this function is even simpler than Equation 2, in 
that both G and H are even functions of the aspect angle, x* 
Thus they can be represented by Equations 3 and 4, where it is 
noted that cos q x value of n can always be expressed 

as a polynomial in cos x as in various equations to follow. 


G (X, e) = G (cos X. 6) 

(3) 

H (x,e) = H (cos x,e) 

(4) 


There are many ways to express the results of Equation (2). 
Three different methods have been pursued up to the present time. 
Two of them will be described in considerable detail in what fol- 
lows. 

One method is to express G and H as functions of aspect 
angle and incidence angle in steps of 10 degrees for aspect 
angle, and two degrees for incidence angle with interpolation to 
get values in between.* Such a model, as does the one that follows, 
also assumes that the backscatter has maxima for aspect angles of 
zero degrees and 180 degrees and minima for aspect angles of 
90° and 270°. When expressed in this form the result is a G-H 
table that is stored in the memory of the computer, and used in 
each stage of the calculation of the winds recovered from the space 
craft measurements. Because the function is an even function it 
need only be tabulated in ten degree steps from 0° to 180°. 

A second method is quasi-analytical. It also uses the in- 
verse relationship for Equation (2) with the objective in mind 
to compute the wind speed from the backscatter, and not the back- 
scatter from the wind speed. The method is quasi-analytical in 
the sense that twelve of the functions that are required are given 
in tabular form in one degree steps for incidence angle instead 
of in terms of some polynomial fit. 

Wentz (1978) 
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Tlie first step is to specify backscatter as a function of 
incidence angle for upwind, downwind and cross wind, and various 
additional functions of incidence angle so as to control the 
shape as a function of aspect angle. If the twelve functions 
that result as tables are combined with the shape functions, 
the result can then be used to calculate the wind speed for any 
value of backscatter, aspect angle and incidence angle. 

Equation (2) has an inverse, and that inverse can be written 
as Equation (5) . 



log^pV = ^ (X,0) + B (X,0) o^b 

(5) 

In Equation (5) 

B and G and H 

the relationship between A and G and 
is given by Equations (6) and (7) . 

H and 


A rx,0) = G (x,0)/H (x, 0) 

(6) 


B (x,0) = 1/H (X,0) 

(7) 


If these two functions can be found as a function of aspect angle 
and incidence angle, they are the equivalent of the functions 
given by Equation (2) . 

The details that follow are repeated from Pierson and Salfi 
(1978). They are given here, in order to highlight the differences 
between the G - H table approach and the quasi-ahalytical ap- 
proach . 

We define the log to the base 10 of the wind speed to be 
the variable Y in Equation (8) . 

logjoV = Y (8) 

Then the upwind, downwind and crosswind values for Y, can be 
defined as functions of the incidence angle only, by means of 
Equations (9a), (9b), and (9c). 
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(9a) 


Y = A (e) + B (e) o°.(0) 

u u u db 

Y = A (0) + B (0) a° (0) 

0 D GD 

Yc = A^(8) . B^(0) a°^(0) 


(9b) 

(9c) 


If the values for Y are to equal the values at two particular wind 
speeds, say 23.6 and 4.6 meters per second, the numerical values 
must be equal to those given by Equations (10a) and (10b). 

Yj = logjQ 23.6 = 1.3729 (10a) 


Y 2 = log^Q 4.6 = 0.66276 


(10b) 


Since values of the backscatter, for upwind, downwind, and cross- 

wind as expressed for example by Equations (11a) and (11b) for 

upwind, are also required it is then possible to solve for the 

values of A and B for upwind, 
u u ^ ’ 


and so on for 


0 

0 ° (0, X = 0, 23.6) 

(in db) 

(11a) 

0 

°2n 

0 ° (0, X = 0, 4.6) 

(in db) 

(11b) 

0 

0 0 J 0 • 

» °20 ' °lc ^^2c 

db. 


A = 
u 

(Y, a° - Y- 0° )/(o° - 
1 2u 2 lu-^ lu 

■ 

(12a) 

B = 
u 


(in db) 

(12b) 


On the basis of the values for backscatter at upwind for two 
wind speeds, and the values of these two wind speeds it has 
been possible to determine the straight line for Y^, for ex- 
ample, as in Equation (9a). Exactly the same procedure is 
followed for (9b) and (9c). 
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Equation (13)- has the property that it will yield the upwind, 
downwind and crosswind values for Y, when the appropriate values 
for the aspect angle are substituted into it. 

Y='Y - F(a°,0) F(x) - G*Co°,e)(G**(x,0)) (13) 

c 

The functions in Equation (13) are defined by Equations (14a) , 


(14b) and 

(14c) and (15) through (18). 



F (a°,6) = (Y^ - Y^)/2 

(14a) 


G*(o , 6) = Y^ - (Y^ + Y^)/2 

(14b) 


3 3 

F(x) = (cos x) = P 

(14c) 

G** (x,0) 

= Gj(x) + D(0) Hj(x) + K(0) M(x) + E(0) P(x) 
K*(0) Q(x) 

(15) 


2 2 

Gj^(x) = (cos x) = P 

(16a) 


H^(X) = P^ - P^ 

(16b) 


M (x) = p(Hj(x)) 

(16c) 


P (x) = P^ - 3 p^ + 2 p^ 

(16d) 


Q (x) = P P(x) 

(16e) 
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For Vertical Polarization 


D = K = 0 ; 19° < e < 25° C17a) 
D = 1,05 (0 - 25°)/40° ; 25° < 6 < 66° (17b) 
K = 0.50 (0 - 25°)/40° ; 25° < 0 < 66° (17c) 
E = K* = 0 ; 19° < 0 < 45° (17d) 
E = 0.2857 (0 - 45°b/20° ; 45° < 0 < 66° (17e) 
K* = 0.3143 (0 - 45°)/2O° ; 45° < 0 < 66° (17£) 

For Horizontal Polarization 

D = K = 0 ; 19° < 0 < 25° (18a) 
D = 0.83 (0 - 25°)/40° ; 25° < 0 < 66° (18b) 
K = 1.81 (0 - 25°)/40° 25° < 0 < 66° (18c) 
E = K = 0 ; 19° < 0 < 40° (18d) 
E = 0.30 (0 - 40°)/25° ; 40° < 0 < 66° (18e) 
K* = 1.40 (0 - 40°)/25° ; 40° <0 < 66° (18£) 
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The functions D(e), K(e)j E(e) and K*(0) are the shape func- 
tions. In particular, D and K make it possible to shift the curves 
of logj^pV versus x for a given 6, up and down at aspect angles 
of 45° plus integer steps of 90°. These shape functions should be 
a very important part of the determination of the model function. 

It is finally necessary to exhibit explicitly the functions A 
and B. These are given by Equations (19) and (20) . 


^ (1 - G**) - (Ap - A^) F/2 


+ (A, + AJ G**/2 
B = (1 - G**) - (B^ - BJ F/2 


(19) 


+ (B + B ) G*V2 

D U 


( 20 ) 


A major effort of the GOASEX I, GOASEX II and JASIN* 
Workshops has been that of determining this model function under 
the assumptions given above. Part of the difficulty in de- 
termining the model function was that the GOASEX I and GOASEX , II 
Workshops did not provide very much data for either low incidence 
angles between 20 and 30 degrees or high incidence angles 
above 50 degrees. The JASIN Workshop provided additional data 
for these two important ranges of incidence angles, and it was 
possible to improve upon the model function on. the basis of this 
new data. 


The JASIN Workshop served two different purposes. One was 
to demonstrate that without prior knowledge of the actual measure- 
ments made during the JASIN Workshop, the wind speeds could be 


Bom, G., J. Wilkerson, D. Lame et. al. (1979), Barrick, D. , 
J. Wilkersen et. al. (1980), Businger, J., R. Stewart et. 
al. (1980). 
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recovered to within ± 2 meters per second for the nearest solution; 
for winds under 20 meters per second and the wind directions could 
be recovered within ± 20° for the nearest solution. This was 
demonstrated by means of the model functions that were developed 
prior to the JASIN Workshop. Another very important purpose of 
the JASIN Workshop was to permit a further improvement in the 
function on the basis of the JASIN data, because it supplied 
new information for low and high incidence angles. 


SAMPLING VARIABILITY EFFECTS FOR THE SASS AND THE SCATT 


The design of an instrument to measure radar backscatter 
is very sophisticated. It is quite possible to measure the re- 
ceived power, which is the important parameter that varies in the 
radar equation for a given design and a given incidence angle, 
even when that received power is only 10 percent of the noise 
in the system. Signal-to-noise ratios of - 10 db are there- 
fore quite acceptable in determining the radar backscattering cross 
section for a given area of the ocean surface. 

To accOTiplish this goal, for each of the cells (or areas 
of the ocean) to be probed by the radar, two quantities are 
actually measured. They are the estimate of the power of the signal 
plus the noise and the power of the noise as in the following notation. 


P 

sn 



( 21 ) 


The received power is calculated simply by subtracting the estimate 
of the noise power from the estimate of the power in the signal 
plus the noise as in Equation (22) • 



( 22 ) 


10 



It has been shown in the design of both the SASS and the 
SCATT that the average value of the estimate of the received power 
■is the correct value as shown in Equation (23), where E is the 
expectation operator of probability theory, 

E(Pr) = Pr ^23) 

and that the variance of the departure of the estimate from the 
true value can be put in the form of Equation (24). 

E(Pr - Pr)2 = VAR (Pr) = X' ((Pr + N)2 + k N^) ^^ 4 ) 


The parameters, X' and k , vary as a function of the radar cell 
being scanned. The parameter, X', is a function of the product 
of the bandwidth and integration time for the received power 
and of the error in the measurement of the attitude of the space- 
craft as shown by Pierson (1978)? One of the features of ifuture 
spacecraft wiil be a_ very , accurate attitude mejasuring system, jthat 
will greatly reduce the value of X', and thus make the variance 
of the estimate of the received power much smaller than it would 
have been for the identical SCATT pn such a spacecraft, had it been 
installed on a spacecraft with the attitude controls of SEASAT. 

It can also be shown from the design features of both the 
SCATT and the SASS that the probability density function for 
the received power measured (or estimated in a probabilistic 
sense) by the spacecraft is given by Equation (25), in which 
all quantities are in antilog form. 


f(?R) = ( 2 ir)'^ 


(VAR (Pr)) exp 




(Pr - ^r)' 

VAR Pr 


(25) 


The value of X' takes into account that part of the variability 
of the backscatter measurement comes from attitude measurement 
errors and enters through other terms in the radar equation. See 
Appendix D. 
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By means of the radar equation, once Pj^ has been estimated, 
the backscatter can also be estimated as in Equation (26) in 
which i? represents all of the other terms of the radar equa- 
tion. 


= i? Pr* = ^ Pr 

From Equation (26), the probability density function for the 
estimate of o° can be derived, and this is given by Equation (27). 


f(a°) = (2 tt)"^ (VAR (o°» 

where 

VAR (c°) = A' ((o° + N i?)^ 


+ K 


"o 0.2 

, 1 , (a - 0 ) 

-'n 


VAR (a ) 

(27) 

i?^) 

(28) 


It follows that the estimate of backscatter for a given cell 
on the sea surface is a normally distributed random variable 
in antilog form with an expected value equal to the true value 
and a variance determined by the expected value. 

For Monte Carlo purposes, it is therefore possible to write 
Equation (29). In this equation, the value of t is picked at 
random fran a normal distribution with a zero mean and a unit 
standard deviation. The quantity that results from such a cal- 
culation will then be equal to the kind of value that would be 
measured for one of the radar beams at one of the cells scanned 
by either the SASS or the SCATT. Note that the value of the 
term /?, used in the radar equation in order to calculate the 
backscatter is needed in order to compute this quantity. 


o° = o° +t(X"((a° + N i?)^ + K i?^))^ 


(29) 


* 

See Appendix D 
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If the estimate of the backscatter is divided by the true 
backscatter as in Equation (30) , the result is that the term 
following the t is the design number that is calculated 

in the processing of the SASS data. One needs to know the value 
of the received power and the value of the noise and hence the 
reciprocal of the signal-to~noise ratio. 

1 . t (V Cl * ^ K 4 ) C30) 

R p: 



+ K (31) 

■■r 

It can be noted in passing that there is no transformation 
of the form, = 10 log^^ a°, or of any other form, that 

will transform Equation (27) into the log normal distribution. 

Nor is it correct to use o° in either bels or decibels in 
(27) with some modification of the definition of the variance. 

Another incorrect probability model for the sampling varia- 
bility of the backscatter estimates is to assume that back- 
scatter in decibels is normally distributed with an expected 
value given by the true value in decibels and a standard devia- 

A 

tion expressed in decibels computed from K and o°. This pdf 

* P 

is not the log normal distribution. 


= X ’ ((1 + 


-)' 


See Appendix B, these incorrect distributions do well for large 
backscatter values and poorly for small backscatter values as 
shown in that appendix. 
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SOURCES OF SCATTER IN COMPARING SASS WINDS WITH CONVENTIONAL WINDS 

The workshops that have been carried out in order to deter- 
mine the ability of the SASS on SEASAT to measure the winds 
over the ocean have successively improved upon the model function 
up to the point where the model fimction obtained from the JASIN 
data seems to be quite goodf It is nevertheless important to try 
to explain why the winds measured by the SASS do not agree ex- 
actly with the winds measured by an anemometer on a platform some- 
where near the point where the winds were determined by the SASS. 
This particular problem has been 'ever-present in attempting 
to interpret the SASS results. 

The usual procedure has been to pair up, or group, the measure- 
ments made by the SASS in such a way that a number of measurements 
from each beam, (close to a measurement made by some meteorological 
method) are obtained and a wind is calculated from the backscatter 
data to be compared with the wind measured with an anemometer. 

When this is done, the speed of the wind from the anemometer measure 
ment can be plotted on one axis, versus the speed of the wind from 
the backscatter measurement on another. For a second plot, the 
direction of the wind (the closest of the aliases involved) from 
the SASS measurement can be plotted against the direction of the 
wind from the meteorological measurement. The points that are ob- 
tained in this way do not in general fall on the 45° line, which 
would indicate perfect agreement. They scatter about this line. 

For the earlier GOASEX I results, the scatter has a bias plus a 
slope, relative to the 45° line,' which was quite large. With pro- 
gressive iterations of the same techniques, all of which involve 
changing the model function, the scatter has been reduced and the 
departure from the 45° line for the cluster of points involved, 
has been made essentially zero. 

H 

Schroeder et. al. (1981), submitted to JGR. 
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Not all of the scatter is actually an error, although some 
of it is. Results of the GOASEX II workshop attempted to 
identify those sources of scatter that could not strictly speak- 
ing be called errors. 

The various sources of scatter are: (1) communication noise, 

(2) attitude errors, (3) effects of mesoscale turbulence, (4) 
non- coincidence of cells, (5) lack of exact space time coincidence, 
1^(6} ~ ah incorrect model fimction and (7j ina ccurat e wind obs ervations . 

The effects of communication noise £Uid attitude errors, are 
treated in the preceeding equations, and they enter into the de- 
termination of the noise and of and of the parameters, X' and 
K, in for example. Equation (24). The received power that is 
estimated for each of the cells, is a random variable that does not 
represent the true value of the received power that would have been 
observed, in principle, had the averaging time been infinitely long, 
had a constant wind with a constant direction covered the entire 
cell, and had the theory been perfect. This is a sampling varia- 
bility effect that is not removeable. The quantities that are 
"measured" by the SASS on SEASAT, are random variables. The 
quantities that will be measured by the SCATT in the ruture 
also be random variables. Any theory that attempts to use the back- 
scatter measurements to determine the wind speed at the cells 
scanned by these instruments must take this effect into accovmt. 

An additional complication arises because the wind over the 
area sampled by the instrument is variable in space at the moment 
when the sample is taken. When averaged over the area of the cell 
that is scanned, the average vector wind for that cell need not 
necessarily coincide with the average wind from an anemometer, as 
averaged over a time interval varying from 8 to 20 or 30 
minutes, depending upon the platform. This effect of mesoscale 
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turbulence is probably the least understood of all of the sources 
of scatter in this problem, and work in this area is continuing.* 

Some new results can be fovmd in a recent issue of Radio Science 
in papers by Kropfli and Hilderbrand (1980) , James (1980) and 
Doviak and Berger (1980). Reference is made in particular to 
Fig. 6 on page 303 of this issue. Although the average wind 
subtracted from this vector wind field is light, the eddies that 
are shown over this area, which is comparable in size to a cell 
to be scanned by the NOSS, illustrate the complexity of the pro- 
blem of interpreting the wind measured by the SASS to be com- 
pared to the wind measured with an anemometer. 

If it is 1 conceded that at least in principle the average 
of the winds over a cell scanned by the SASS need not necessarily 
be equal to an anemometer average at a nearby point, then the fact 
that the two different cells scanned by the SASS that are paired, 
do not lie one on top of the other, takes on additional significance. 
The average of the winds over one of the cells need not necessarily 
be equal to the average of the winds over the second cell. The 
difference between the two winds could be much larger than the dif- 
ference that would be computed from the gradient of the synoptic 
scale wind over the distances involved. If these two cells have 
sampled different areas of the ocean, as is typically the case, an 
additional source of scatter is introduced when the wind is computed 
from the SASS measurements and compared with a conventional wind 
measurement . 

For the GQASEX I and II workshops, data from the National 
Data Buoy network were used. The winds reported by the data buoys, 
as averaged over slightly more than 8 minutes were reported once 
each hour. Since the spacecraft did not pass the data buoy exactly 

See Pierson |(1982) . 
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cm the hour, the averages of these two winds were interpolated 
to the time of the spacecraft passage. Uifortimately, the 

Ifluctuation^^ due t ojaesoscale t uifau lence. in. the .winds 

probably overcame the synoptic scale trends that should have been 
present in hourly measurements to the extent that such an jintetpoiation^ 

would still have a large contribution from mesoscale tu^ulence 

at the two different times when the anemometer made the measure- 
ment. The mesoscale properties of the atmosphere at the two 
times when the anemcmeter averages were taken need not have had 
anything at all to do with the mesoscale properties of the winds 
over the sea surface at the time of the spacecraft passage. There- 
fore, there would be an additional source of scatter in the data 
when comparing the anemometer averaged winds with the SASS winds. 

The essential feature of these three sources of scatter, namely 
items 3, 4, and 5, is that the averages for the anemometers may 
have been perfectly accurate within say, a half a meter per second 
and five degrees in direction for the location and time that they 
were made and that the SASS backscatter measurements may have 
been within the confines of sampling variability due to ccmimunica- 
tion noise and attitude error, which would result in a very small 
theoretical difference between the measured winds and the estimated 
winds. Yet the pairs of values for the vector wind, one from the 
conventional data and one from the SASS data, could differ by 
a considerable amount in both speed and direction. 

Finally, none of these conclusions would be valid if the model 
function that has been derived differs substantially from the cor- 
rect model function that ought to be used in such a calculation. 

The model function that resulted from the JASIN workshop is the 
best yet obtained, but further improvements in the model function 
may still be needed.* 

See Schroeder et. al. 1(1982). 
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JASIN WORKSHOP RESULTS 

The Tssults of the JASIN workshop were 3 . isubstantisl improve- 
ment over both the GOASEX I and GOASEX II workshops. The major 
accomplishments were that the coincidence of the measurements was main- 
tained and the effects of mesoscale turbulence were averaged out more 
thoroughly for the JASIN wind fields. TTie many different anemometers 
on the different platforms were all cross calibrated, one against the 
other and against a primary buoy. The remaining sources of scatter be 
cause of communication noise, attitude errors and an incorrect model 
function were still present as was the noncoincidence of the SEASAT 
pairs of cells. The scatter was reduced substantially by improving 
the model function for both low and high incidence angles. 

For the analytical method described by Equations (8) through 
(20), the required table to describe backscatter, at upwind downwind 
and crosswind for two wind speeds as a function of incidence angle, 
is given in Table 1. In G - H table form, this would be SASS 1. 

There are considerable differences between vertical and horizontal 
polarization as a function of wind speed aspect angle and incidence 
angle. Downwind vertical polarization is greater than upwind for 
high winds and down wind is less than equal to upwind for low winds. 

For horizontal polarization downwind is always less than up wind for 
the range of speeds analysed. 

The error structure for the wind speeds as determined by the 
JASIN data by means of the model function defined by Table 1 (SASS 1) 
is summarized in Table 2 as a function of wind speed ranges. Both 
vertical polarization, horizontal polarization and the results 
when all of the data for a given wind speed range are pooled are 
shown in this table. The "bottom line" is that for all combined 
data the standard deviation of the difference between the winds re- 
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FIGURE I BACKSCATTER AS A FUNCTION OF INCIDENCE ANGLE FOR UPWIND, DOWNWIND. AND CROSSWIND 
FOR WIND SPEEDS OF 23.6 AND 4.6 ms"', AND FOR VERTICAL AND HORIZONTAL POLARIZATIONS. 


2 





00 

o 

rH 


to 

to 



hJ «-4 

o 

rH 

iH 

rH 

CM 

o 



o 

• 

o 

• 

O 

• 

o 

o 

CD 

CD 












• 









>53 . 

mo ^ 

Q CU CN 

,13 

LO 

fH 

\o 

fH 

00 

CM 

• 

CM 

to 

• 

00 

O 

• 



o ac o 

o 

O 

O 

o 

O 

o 



Q 









to 2 ^ 

to 

rH 

16 

II 

00 

fH 

r-. 

CM 

o 

z 

O 

• 

> O 

• 

o 

• 

o 

o 

O 

o 

o 

l-l 









CO 

44 00 








< 

cn 








0) 

X 

4-» 

S|!i 

4> 

U • 

(U rH 

4? 

V. 

ALL 

1.26 

1.17 

1.19 

.92 

1.44 

1.91 

1.27 


44 

CD 








•H • 

Q 







g 

O 

O . 

1-3 

9 O O 

2 Du 

CM 

CM 

.17 

r>- 

o 

00 

.39 

g 

2C U 
^ 0) 

Q a: 

0 

1— 1 

rH 

rH 

iH 

iH 

•H 

4-> 

X'O 

iH O 








O rH O 

H 







§ 

Ot 

Cd H 
O 

•ri O 

CO iJ 

O to 

Du CM 

to 

CM 

00 

to 

to 

00 

lO 

CM 

00 

to 

CM 

iH 

4-> CO 
l/> 

> rH 

f-H 

1—4 

o 

fH 

fH 

iH 

0> 

•rt ^ 








ti 5 
o p 

S 4J M 

O 

tol 

o 

CM 

rH 

00 

o 

iH 1 
O 

to 

CM 

• 

to! 

o 

r— 

CO CZh 

iJ o 

CD 

o 

o 

oj 

o 

CD) 

1 V) 
CO *H 

^ + 

1 

1 

1 

1 

+ 

1 


• 

tfi t/i 








CO C) 

•r4 

CQ *H 

00 

1-3 CM 

CM 

O 

iH 

o 

to 

o 

CM 

00 

ool 

o 

,c 

cd 

0) > 

CO O 

< Du O 

• 

o 

• 

o 

O 

CD 

o 

CDI 

w 


CD X + 

+ 

1 

+ 

1 

+ 

+ 

c 

<D 








• »H 
cn 4J 

vO 

1-3 O 

rH 

O 

vO 

o 

iH 

o 

vO 

O 

in 

o 

iH I 

o 

4- 

r- 

) <D Eh 
^ CO 0) 

o • 

CU O 

o 

• 

o 

CD 

CD 

CD 

o| 

^ '2 
<n rt d 

> * 

1 

+ 

+ 

» 

1 

1 

0) 4-> :5 








o 

C <A 
Q O 








rH fC 

OJ C 4-» 

^ ® ^ 
•ri t/) H 

) 

ALL 

66 

00 

o 

CM 

153 

115 

103 

59 

704 

+J -H O 

z 







W H 4h 

> — / 







•r 

H CO 

SIZE 
il POL 

30 







Stat 

Comp 

Zero 

£6 

70 

53 

40 

31 

317 



U3 








• 








CS 








U3 

5 o 







CO 

< 

CO Oi 

rp» vO lO 

00 Oi 

NO 

> 

. 00 



CM 

to 

to 

E 












c 

CM Ti 

yp 



RANGE 

M/S 

4-6 

6-8 

8-1 

10 - 1 

12-1 

14 - 1 

ALL 


21 



ported from meteorological measurements in the JASIN array and ^ 
the wind speeds calculated fron this model function is 1.27 ms 
and the bias is ^ 0.03 ms"^ (or minus three centimeters per sec- 
ond) . 

The 704 points that enter in this tabulation are not inde- 
pendent. However, if the errors were normally distributed errors 
£or the wind speed, and if they had been independent the standard 
deviations could be divided by the square root of the sample size 
in order to obtain an estimate of the standard deviation of the 
mean. This has been done in the last three columns of Table 2. 

Such a calculation provides an estimate of the standard deviation 
of the mean that is too low, because the sample size is too high. 
However, even with this conservative interpretation, the biases 
that are tabulated lie mostly within less than one standard devia- 
tion of the mean. Those that do have been imderlined in the ap- 
propriate columns. Of the 18 values for the bias that are tabulated, 
only five lie outside of ± one standard deviation as computed 
in this way, and of those five, four are within two standard de- 
via.tions of the mean, and only one is more than two standard 
deviations from the mean. This is about the kind of result that 
could be expected under these circumstances , and the maj or con- 
clusion is that the biases are statistically not different from 
zero. This is also true with reference to the average bias for each 
polarization and with reference to the combined bias for all of 
the data sets. 

It must be reemphasized that the standard deviation should not 
be interpreted as the error of the SASS measurements. It is com- 
posed of at least three different effects. One is the errors in 
the anemometer averages of the wind. A second is that of the com- 
munication noise and the attitude error effects of the measurements 
of the backscatter. The third, and probably the most important 
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reason for the difference between the SASS winds and the meteoro- 
logical winds arises from the ccmbined effects of mesoscale tur- 
bulence and the lack of coincidence of the paired SASS cells. 

With reference to wind direction, for vertical polarization 
the root mean square scatter between the SASS wind directions and 
the meteorological wind directions was 16.2 degrees for vertical 
polarization and 17.8 degrees for horizontal polarization. This 
gross statistic does not reflect one of the more important features 
of the measurements. This feature is that for winds above 10 meters 
per second, and for the middle range of incidence angles from say 
35 degrees to 55 degrees, the scatter averaged much less than this 
and almost equalled ± 10 degrees in direction* This would be 

expected on the basis of the known properties of the variation of 
signal to noise and the nature of the antenna pattern. 

Another way to summarize the statistical results shown in 
Table 2 is by means of Figures 2 and 3. These figures simply 
represent a graphical summary of the vertical polarization and hori- 
zontal polarization results for wind speed. A scatter diagram of 
the 336 values for vertical polarization, if plotted on a rec- 
tangular system and scale of this figure, would be so full of 
points that it would be virtually impossible to see them all. The 
procedure has simply been to plot the mid point of each range, 
as a point representing that mid point plus the bias, and then bars 
to represent this value plus or minus the standard deviation. 

The scatter of points for each of these polarizations would then 
be such that about two-thirds of them would lie between the dashed 
lines and would cluster around the 45° lines quite nicely. The 
fit of the SASS winds to the JASIN winds is therefore quite 
satisfactory. 

See Schroeder et. al. (1982). 
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•JASIN WIND SPEED, m/s 

FIG. 2 JASIN WIND SPEED PLUS BIAS, PLUS AND MINUS STANDARD DEVIATION 
FOR THE SASS I MODEL FUNCTION FOR VERTICAL POLARIZATION. NUMBERS 
SHOW SAMPLE SIZE. SEE TABLE 2. 
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FIG. 3 JASIN WIND SPEED PLUS BIAS PLUS AND MINUS STANDARD DEVIATION 
FOR THE SASS I MODEL FUNCTION FOR HORIZONTAL POLARIZATION. NUMBER 
sample SIZE. SEE TABLE 2. 
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THE THEORY FOR THE SASS VERTICAL POLARIZATION PAIRS 

One of the modes for the SASS is to scan on both sides of 
the spacecraft and make measurements with vertical polarization 
only. This theory will be discussed in this section. An exactly 
similar theory would apply to measurements in the horizontal mode. 
There will be two measurements at close-by points, one from each 

antenna, such that the / Azimuth angles of the radar beam will 

differ by approximately 90° for this pair of measurements. 

The probability density function for this pair of measure- 
ments is given by Equation (32) where VAR o° is a function of 


£( 0 ^, 0 ^) 


-1 


= (2tt) "(VAR o^, VAR exp 


/o 0..2 

+ 

VAR o? 


.^0 0.2 
(02 - O 2 ) 

A 

VAR 02 


(32) 


In Equation (32), the quantities available from this pair of 
SASS measurements, are the single observations of the random vari- 
ables, 0 ° and 0 ° • These two numbers are samples of size 1, each 
drawn at random from a normal population with an unknown mean, or 
expected value, and a variance that is determined from radar theory 
as a function of this unknown mean value. 

Under the simplifying assumptions that mesoscale effects can be 
neglected and that the wind was exactly the same as the two cells that 
were scanned by SEASAT, and under the further assumption that a 
constant wind speed and direction will generate a unique value for, 
the population parameters, o° and o^, then the question arises 
as to how far from these true. population parameters the measure- 
ments (or the estimates) can scatter, due to the effects of sampling 
variability. 
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The problem that arises is that of determining the value of the 
population parameters (a® and o^) to be used in calculating 
the wind that generated the backscatter. 

For many applications in statistical theory, a good way to 
proceed is to determine the maximum liklihood estimates of the 
unknown parameters. This is accomplished by finding the two values 
of the vinknown population parameters that maximize Equation (32) . 

In a maximum likelihood estimate, the random variables are known 
and are kept equal to those of the sample and the population para- 
meters are varied in order to maximize the probability density 
function. 

The likelihood function is the equivalent of the probability 
density function insofar as the process of determining a maximum 
likelihood estimate is concerned. The log of the likelihood func- 
tion is defined by Equation (33).j(S|ee Mood et. ai. (1963) for the theory.) 


In L (a®,®®) = In £(0^.0° ; 0^,0°) = - 2 rr 


% In VAR a 


% In VAR o; 


~ + ^°2 ' ° 2 ^ I 

^ VAR 0 ? VAR 0 ° ^ 


To maximize the likelihood function in this e^remely simple case 
(since it is really the sum of two different functions, and since 
there is no correlation between the two backscatter measurements) •> 
one obtains derivatives with respect to the unknown population para- 
meters and sets the derivatives equal to zero. Values of the 
population parameters that make the derivatives equal to zero will 
clearly maximize both Zn L and f ( 0 ^, 02 )* 

Since 0 ^ and 0 ° are independent the maximum of (33) can 
be found quite simply. 
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( 34 ) 


MlL = 0 = - (a° + N i?)X'+ (a° - a?) 

9aJ ^ 11 

(a° - (a° + N i?) - 

(0° + N + K ^ 

0 ^0 

This equation ought to be solved for as a function of 

and the various parameters. It seems hardly worth the trouble. 

In Equation (34), if o° is set equal to a^, then only 
the first term remains. It is negative. If on the other hand 
the last term of Equation (34) is omitted, one can solve for 
Oj in terms of so as to obtain Equation (35) . 

^ aj T N i? X' 

'^1 " 1 + X’ (35) 

For this situation, the value of Equation (34) on the 
right hand side is positive. Therefore, the maximum likeli- 

A Q 

hood estimate is some value between and the result of 

Equation (35) . The maximton likelihood estimate of the unknown 
population parameter, 0 ° , is therefore bounded by these two 
approximations and is given by Equation (36) . 



1 - X'(N/s) l 
1 + X’ 


< 01 < 01 


(36) 


For a typical cell of the SASS on SEASAT, one can quickly 

determine that X' would be given by Equation (37) , as computed 

from 8 = 0.08 and 8 T , = 1556.8 which are the effects of 

c sN 

attitude error doppler cell bandwidth and averaging time as in 
Pierson (1978). 

X' = 7 X 10'^ (37) 
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For noise to signal ratios of 10 and 1, as given by Equa- 
tion (38) and (39), the appropriate bounds on the likelihood 
estimate for the population parameter are thus obtained as 
examples. 

N/s = 10 0.92 0 ° <oJ < 0 ® (38) 

N/s = 1 0.986 aj <aj <oJ (39) 

This result is somewhat out of the ordinary. For most studies 
of sampling from a normal population in which the variance is not 
connected by a physical law to the mean, the unbiased estimate 
of the mean in terms of moments is also the maximum liklihood 
estimate of the mean. For this particular case, one notes from 
Equation (40), that the expected value of a from Equations (27) 
is (40)» and once the estimate of the mean is obtained, the 
variance can be computed directly from (28), as an estimate. 

E(o°) = o° (40) 

The implications of this particular analysis are that a 
as measured by the SASS, when treated as a random variable, is 
an unbiased estimate of o° . The correctly derived likelihood 
estimate may be inappropriate for either the SASS or the SCATT 
because it is biased low. T^e maximum likelihood estimate has 
clearly not been used to compute vector winds by means of the 
G - H table method. 

In attempting to obtain the maximum likelihood estimate, 
there have been variations on the above correctly derived 
theory. For example, in Equation (32), the variance of Oj^ 
can be calculated by substituting o° into the equation for 
the variance (Eq. 28) and treating the variance as a constant 
that does not vary when attenqpting to obtain the maximum likli- 
hood estimate. This is an incorrect step; however, if it is done, 
the incorrect maximum liklihood estimate then becomes identically 
equal to the expected value. 
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For pairs of SASS measurements 90° apart, maximum likli- 
hood estimates of the two backscatter values can in fact, be com- 
puted by maximizing (33) in terms of (34) and a similar equa- 
tion for o°* These backscatter values would always be less than 
the measured values. Given these two maximum likelihood values, 
they could be used in exactly the same ways as the values of 
and 0° in what follows. The wind speeds would always be somewhat 
less than those computed by the methods presently in use. 

Such a procedure does not seem advisable because the MLE is 
biased low^. Also, the model function has been determined empiri- 
cally by means of procedures that do not use maximum likelihood 
estimates. 

This analysis shows that the MLE can be found without any 
consideration of the wind speeds and directions that could have 
produced the backscatter! However, there are solutions for the 
MLE that do not correspond to physicalilY realizable values for a 
particular model function. These conditions need to be investigated 
also. 

The V-x plane search procedure 

From the proceeding equations one way to obtain values for 
the wind speed and direction that could have generated the back- 
scatter values that were estimated would be to consider the 
quadratic forms given by Equations (41a) and (41b) in which 
V and X are the wind speed and direction relative to the pointing 
direction of the lead radar beam. Strictly speaking, the denominator 
should also be a function of wind speed and direction as in (41a). 
Equation (41a) is incomplete. The likelihood function should 
really be used and it involves additional terms. In (41b), the 


* 

For pairs of measurements only. 
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problem is simplified by not varying the variance as a function 
of V and X- Th® estimates of the variance are computed directly 
from the estimates, and 02 * Th® result will no longer be a 

maximum likelihood estimate, but a probability, in modified form 
similar to (32), can still be maximized. 


Q* =. 


(aj - aj (V,x))^ 


VAR Oj (V,x) 


( 0 ° - 0 ° (V, X - ir/2))^ 

VAR a° (V,x - it/2) 


(41a) 


Q = 


f'^ldb ■ °1 ^ ^^2db ' °2 


2 0° (v,x - 


(VAR 


(VAR 


(41b) 


The presently'operational technique for determining the wind 
speeds and directions that go with pairs of SASS measurements 
is to construct a grid in the V - x plane, substitute values 
of V and x i^^to the model function, with an appropriate shift 

of angle for the second term as indicated in this equation 

*- — ■ 

and calculate the values of Q as in (41b) asing db . The .smallest 
values of Q in the plane determine the first approximation 
(as resolved to within whatever step is used in the wind speed 
and wind direction ranges) for the values for the wind speed 
and direction that could have generated values of the backscatter 
that correspond to the estimates that were obtained. The search 
has to be carried out over the entire V - x plane in order to 
find local maxima (as many as four) and then a closer search 
by means of some kind of polynominal fit has to be made around 
the relatively coarse location of the maxima. 


* 

See Appendix B. 
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The first term in the equation for Q will vanish if Equa- 
tion (42) is satisfied by values of V and x this plane, 
and (43) will cause the second term to vanish for some other 
set of values of V and x* One needs to find the values of 
aspect angle and wind speed that makes (42) and (43) an 
identity. There exists a continuous range of wind speeds and 
aspect angles that will satisfy Equation (42) for the estimated 
value of backscatter, and another continuous range of wind speeds 
and aspect angles that will satisfy Equation (43). where backscatter 
is in db.* 

oj = G(Q^,X) + H (0j,x) log^pV (42) 

0° = G(02, X - it/ 2) + H (02, X - Tt/2) log^^V (43) 

The simplest way to find those wind speeds and directions 
that satisfy (42) and (43) , and that therefore make the re- 
spective terms in Equation (41b) vanish identically, is to 
invert Equations (42) and (43) to obtain Equations (44) and 
(45) where backscatter is in db. 

log^QV = yt(x, e^) + F(x,e) a° (44) 

logioV = yl(x - ir/2,02) * ~ a° (45) 

In Equations (44) and (45) on the right hand side, everything 
is known except the aspect angle. As the aspect angle is varied, 
in (44) that value of the wind speed is obtained such that when 
these particular aspect angles and wind speeds are substituted 
into (42), the equation will be satisfied identically. 


See the definitions in Schroeder et. al. (1981). The G and H 
values used here absorb the factor of 10. 
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The pair of backscatter measurements must have corresponded 
to the same magnitude for the wind speed for whatever direction the 
wind had for the two cells. Therefore, the requirement is simply 
Equation (46) , in which the right hand sides of Equations (44) 
and (45) have been set equal. 

^4(x,0j^) + B(x.6pOl = ^(X - it/2, 62) + B(X - it/2,02) 

In general for noise-free data and perfect measurements, which 
is the logical starting point for such an investigation, there will 
be from one to four values of the aspect angle, that will satisfy 
Equation (46). These angles are solved for more directly by 
simple algebraic techniques without a search of the entire V - x 
plane in the quasi-analytical method that was described in the 

preceeding section.: ^ 

The solution to Equation (46) is often four values of aspect 
angle, one for each quadrant defined by, say, Xj»X 2 >X 3 aird x^* 

For either of the two measured (estimated) values of backscatter, 
the wind speed that goes with each of these four aspect angles can 
be computed directly as shown by Equation (47). 

q = 1 to 4 

The equations that are solved analytically, by means of 

a computer program (or algoritlun) , so as to obtain these 

four angles are given in an appendix. It . suffices to say at 

this time that these equations have been extended for the four 

solution case to treat the situation in which the difference in 

t 

direction is given by n/2 + e instead of ir/2. 

The.pr.e&ent SASS-1 algorithm searches the entire V-x plane. 
^See Appendix: A. 
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The only basic difficulty that arises in the analytical 
approach is that which occurs when Equation (46) does not have 
any solutions or for the case in which it has two solutions 
close together and not a third. The lack of the solutions corre- 
sponds to the situation in which the sampling variability effects 
of the measurement have produced curves for (44) and (45) 
that do not intersect. This matter will be discussed in greater 
detail later. 

Some examples of the theoretical curves involved for the 
noise-free (sampling variability absent) case, are shown in 
Figure 4 for pairs of vertically polarized backscatter measurer 
ments. Each of the three sets of graphs was generated by first 
calculating the two values of backscatter as given by Equa- 
tions (42) and (43) for an incidence angle of 25°, a wind speed 
of 10 meters per second and aspect angles of 0°, 40°, and 80°. 
These two values for the backscatter were then substituted into 
Equations (44) and (45) and the aspect angle was varied in ten 
degree steps for convenience, so as to generate the graphs that 
are' shown. The SASS-1 model function from the JASIN results 
as defined hy -Table 1- and Equations (5) through (20) 
was used. 

For the top set of graphs in Figure 4, the input values were 
for a wind direction of 0° relative to the pointing direction 
of beam 1 and a wind speed of 10 meters per second. The upper 
curve is a graph of Equation (44) . Clearly for a given measured 
value of backscatter, the wind that would generate that value of 
backscatter would be the lowest when looking upwind. It would 
have to be much higher when looking cross wind. This curve, there 
fore, has a minimvim at 10 meters per second for x = ® maximum 
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X 

FIG. 4 .EXAMPLES OF NOISE FREE SOLUTIONS FOR BEAMS 90" APART, VERTICAL POLARIZATION, 
AND A WIND SPEED OF 10 m/s FOR WIND DIRECTIONS OF 0".40". AND 80". 


- 35 



slightly above 18 meters per second at x = 90° and a second 
minimum at 180°, which is slightly below the 10 meters per second 
value. This is a consequence of the model function because 
downwind backscatter values are slightly stronger than upwind 
backscatter values for higher winds. The fxmction that is graphed 
is an even function about 180°. The lower curve corresponds to 
the measurement by the second beam which is 90° away from the 
first beam, as indicated by Equation (45). If beam 1 was looking 
upwind and if beam 2 was exactly 90° from beam 1, then beam 2 
would be looking crosswind. Therefore, for that value of back- 
scatter, the wind would be the highest of those that would generate 
that backscatter. This curve then goes to a minimum at 90°, which 
is slightly higher than five meters per second. A maximum, which 
is identically the same as the value at 10 meters per second is 
at 180° because it is a crosswind value. Another minimum is at 
270°, which is ever so slightly lower than the one at 90°, and 
finally, the curve returns to 10 meters per second at 360°. 

The black dot represents the input wind speed and direction, 

and there are two circles iat roughly, 168°. ^d 192°. Thes_e 

correspond to the aliases that are a consequence of the nature of 
the measurements. They are not produced by errors in the measure- 
ments; due to the SASS. They are a fundamental feature of the fact 
that only two measurements of backscatter have been obtained. 

In the quasi -analytical method the points at which the two 
curves cross, if they cross, can be solved for immediately. There 
is no need to search the entire V - x plane. The values of V 
and X are typically found to within ± 0.01 ms ^ and ± 0.01° 
and listed to the nearest tenth of a meter per second and tenth 
of a degree. 

The results for a wind direction of 40° clockwise from the 
pointing direction of beam 1 are illustrated in the second set 
of curves. One notes here that the maxima and minima of these 
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curves fall exactly at the same place, and have the same relative 
shapes as the curves in the first set of curves. However, the 
curve corresponding to beam 1 has shifted downward, and the 
curve corresponding to beam 2 has shifted upward. The input 
conditions are those shown by the black dot, and the three clearly 
defined aliases are shown by the circled dots. 

The third graph in Figure 4 shows more of the same. Here 
the input wind direction corresponded to 80° from the pointing 
direction of the first beam. There are 3 aliases at roughly 
100°, 260° and 280°. 

These curves have been drawn for the noise-free case. The 
actual estimates of the backscatter measured for the two cells 
will differ from the true values, and, therefore, it is not to be 
expected that they will recover the winds with 100% accuracy. 
However, all that can happen is that the two estimated values, 
a” and 0°, will differ from the true values in some imknown way, 
and the only thing that can be done is to graph the corresponding 
curves as in Figure 4 for these estimates. The points where 
the curves cross (if they cross) then determine the values of 
wind speed and direction estimated by the SASS. 

If thp values for the wind speed and wind direction that re- 
sult from each of the points in the V - x plane where the curves 
that have been graphed above intersect are substituted into 
Equations (42) and (43) . on the right hand side the results will, be 
identically equal bn the left hand side to any desired degree of ac- 
curacy. This is true for each of the points shown in the figure- 
Therefore, Equation (41) is such that the value of Q is identi- 
cally zero for each of these conditions. Moreover, the values of 
o° and 0° used to estimate the variances in (32) are identi- 
cally the same for all of the four solutions. The probability 
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of observing this particular set of backscatter values and any 
of the solutions for wind speed and directions is therefore 
identically the same for all of the solutions shown in each part 
of Figure 4. The probabilities are for all solutions identically 
the same, no matter how they are computed, either correctly, or 
with the approximations that have been discussed above. 

One of the reasons for the selection of the present' SASS-1 
algorithm that uses the V - x search routine in order to de- 
termine the wind speed and direction from the SASS estimates 
of backscatter is that it provides a quantity called a relative 
probability for each of the solutions that are obtained. This 
particular algorithm was used for pairs of vertically polarized 
values, or horizontally polarized values, or mixed (one horizontal 
and one vertical) values in order to produce the results shown in 
Table 3. The relative probabilities that are tabulated are some 
function related in some way to some equation similar to Equa- 
tion (32) as described in Wentz (1978). 

As demonstrated conclusively above, these four relative pro- 
babilities ought to be identically the same number, for all times 
for which four solutions are recovered with the algorithm. This is 
clearly not the case. They differ one from the other. These 
differences simply represent the lack of accuracy with which the 
wind speeds and directions were determined by the algorithm. Had 
they been determined to, say, several additional significant 
figures, it would have been possible to find wind speeds and direc- 
tions, as given in the appropriate columns of the listing, such 
that the backscatter values that were estimated from the spacer 
craft measurements, would have caused the parenthesis in an equation 
similar to Equation (32) to vanish identically for all four solu- 
tions. The result would then be that the relative probabilities 
would be identically equal. 
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TABLE 3. Examples of Incorrectly Computed Relative Probabilities for Paired SASS cells. 




44 

tn 

in 

m 

2 

2 

2 2 2 

2 

2 

2 

2 2 2 

2 2 2 

2 2 2 

2 

2 2 2 

2 

2 

2 

2 

2 2 2 

2 2 2 

2 

22 

2 

2 2 2 

2 2 2 

2 

2 

ifi 

2 

2 

2 2 2 

2 

u 

Mi 

‘X 



a 

a 


cy 


a 

a 

O* 

a 

a 

a 


a 

cr cr <7^ 

M 

iT 


a 

a 


a 

a 

a 

a 

a 

a a 


wm v-o 

a 

a a 

a 

a 

a a 

a 

-mm 

a 


a 

a 

•>« 

a 

cr 

a a 

a 



<«> 

a 

4i 

a 

Ml 

a 

•o 

Ml 

IM 


a 

Kl 

■Ml IM 


a K4 M3 

IM — r^ 

2 

a 

K> 

2 

2 

Kl 

2 

IM 


rw 43 

a 

K> 43 

2 

K12 

IM 


|W 2 

a 

K» 49 

2 

Kl 

2 

a 

2 

IM 

^ r*- 

2 

2 


iO 

a* 

an 

24 

2 

2 


2 

a 

a 2 

O 

2 C 

o 

2 0 2 

o o a 

2 

2 

O 

a 

a 

2 

2 

O 

o 

a 2 

2 

o a 

a 

2 2 

O 

o 

a 2 

2 

o a 

a 

2 

0 

0 

2 

0 

0 a 

2 



r\i 

ru 

IM 

IM 

IM 

IM 

•n 

IM 

K» 

•n 

IM fO 

ru Kl ro 

ru Kl tu 

Kl Kl Kl 

Kl 

IM Kl 

Kl 

Kl 

Kl 

lU 

Kl 

Kl 

Kl Kl 

IM 

Kl K> 

Kl 

Kl IM 

Kl 

Kl 

Kl Kl 

ru 

K» Kl 

Kl 

Kl 

a 

a 

IM 

Kl 

Kl K> 

Kl 




in 

IM 

- 

O 

Ml 

a 

a 


Ml 

•M 2 a a 

Kl 

rw a 

oa IM 

2 

Kl 

2 


o 

Kl 

O 

2 

a 

2 -• 

2 

CM fw 

2 

a in 

— 

o 

Kl 2 

K» 

|W ru 

IM 

2 

2 

a 

0 

2 

2 a 

IM 

2 


rO 

•4 

•O 

lO 

M 

<M 

•o 

IM 

fO 

fo IM m 

Kl 

K» 

Kl ^ 

Kl ru a 

a 

J1 

IM 

a 

a 

a 


IM 

IM Kl a 

O 

IM Kl 

K> 

Kl O 

IM 

IM 

Kl Kl 

o 

— Kl 

Kl 

Kl 

a 

a 

0 

UNO 

— IM Kl 



•#> 

m 

u> 

24 

2 

2 

2 

2 2 

2 

2 

2 

2 2 

2 

2 2 2 

2 2 2 

2 

2 2 

2 

2 2 

2 

2 

2 

2 2 

2 

2 2 

2 

2 in 

2 

2 

2 2 

ir» 2 2 

2* 

2 

2 

2 

2 

2 

2 2 

2 



fO 

m 

m 

•O 

m 

•O 

•O 

rO 

fO 

•O 

Kl 

K> 

Kl f*\ 

KV 

Kl Kl 

Kl Kl Kl 

Kl 

Kl 

Kl 

Kl 

Kl 

m 

Kl 

Kl 

Kl 

Kl Kl 

Kl 

Kl Kl 

Kl 

Kl Kl 

Kl 

Kl 

K> Kl 

Kl 

Kl Kl 

Kl 

K| 

KV 

Kl 

Kl 

Kl 

Kl Kl 

-1 

- 



ir 

CM 

m 

Mi 

r* 

a 

a 

2 

U4 

o 

Ml 

a 2 

a 

a ru rw 

Kl K> ^ 

lU 

2 

2 

T 

fU 

Kl 

7 

2 

fw 

2 2 

ru 

C»U1 

2 

fw 41 

O 

- 

a o 

2 

a a 

O' 

- 

a 

rw 

a 

a 

U> Kl 

a 



til 


<4i 

Mi 

4J 

Ml 

Ml 


Ml 

Ml 

rw 

Ml 

rw 4, 

Ml 

rw rw rw. 

rw |w> rw 


rw fw 

rw 

rw 


2 

fw 

rw 

fw rw 

2 

■41 fw 

fw 

rw J^J 

2 

2 

fw cut 

2 

41 #w 

41 

2 

fW 

fw 

2 

3f 

2 2 

2 



•/> 

24 

2> 

2 » 

tt* 


tf> 


W4 

tf> 

tf4 

wt 

U1 

UI 

Ul Ul tf 1 

tf l 2 U4 

Ml 

o> 

a» 

UI 

UI 

UI 

UI 

U4 

UI 

2 2 

ui 

UI U4 

u* 

Ut u* 

U> 

U4 

u>u» 

UI 

U4 UI 

U> 

Ul 

UI 

Ui 

UI 

tfl 

U* UI 

UI 

lO 


, 

O 

o 

<M 

a 

a 

31 


M3 

IM 


o 

Kl rw 

*w 

0-2 0 

GD a ^ 

2 

Kl 2 

Kl 

2 

o 

IM 

2 

2 

2 O 

fw 

2 O 

a 

•^in 

O 

2 

K>2 

2 

^ Kl 

a 

2 

2 

0 

nj 

ru 

ru fw 

a 



if 

m 

n* 

•— 

m 

a 

IM 

•n 


Kl 

Ml 

a 

Kl Kl 

a 

ru a 2 

K4 2 2 

a- 

O 

2 


2 

o 

a 

a 

Kl 

2 a 

o 

a 

Kl 

a IM 

IM 

2 

2 rw 

2 

J1 ^ 

2 

2 


0 

a 

X* 

K> Kl 

a 



x» 

x» 

<43 

2 

M> 


ru 

Ml 

a 


a 

o |w ru 

— 

ru a 2 

ru 2 2 

2 

ru a 

a 


c 

2 


a 

2 a 

Kl 

a rw 

ru 

O 2 

Kl 

O 

2 Kl 


a a 

IM 


2 

0 

2 


2 2 

a 



•a 

kO 

a 

2 

a 

2 

a 

a 

a 

2 

2 

a 

a a 

2 

2 *o a 

a a Kl 

Kl 

2 

K» 

K> 

a 


a 

a 

a 

Kl K) 

2 

Kl Kl 

a 

a a 

a 

2 

Kl Kl 


K| Kl 

a 

a 

K* 


a 

a 

a -o 

-1 



in 

a 

o 

rM 

M> 

♦o 

31 

IM 

IM 


a 

2 

3) 

2 

a 2 Kl 

Kl Kl 2 

O 

2 


2 

IM 2 

fw 

fw 

2 

— a 

a 

a 2 

Kl 

rva 

ru 

Kl 

ru — 


a a 

fw 

o 

«« 

rw 

ru 2 

IM a 

2 

33 


3> 

r\# 

a 

fO 

2 

CD 

OC- 

2 


2 

a 2 

a 

a 

ru 2 

a 2 IM 

2 

rw 

o 

a 

a 

a 

CO 


Kl 2 2 

rv 

rw (j. 

Kl 

O IM 


Kl 

— 2 

IM 2 2 

a 

Kl 

fw 

a 

?M 

0 

a 0 


•4 


a 

o 

2» 

i> 

2 

O 

rM 2 

o 



— 

2 2 

2 

2 0 2 

2 2 2 

a 

fw 

o 

IM 

a 

2 

2 

2 

2 2 fw 

2 

o IM a 

02 

rw 

2 

Ofw 

2 

a 2 

a 

a 

fW 

IM 

2 

2 

2 2 

fw 

Xr 

O 


a 

24 

a 

2 

a 

2 

a 

a 

a 

2 

2 

a 

a a 

2 

2 a a 

a 2 Kl 

Kl 2 

a 

a 

a 

- 

a 

a 

2 

Kl Kl 

2 

a a 

a 

2 a 

a 

2 

a Kl 

2 

Kl a 

a 

a 

Kl 

a 

a 

a 

2 Kl 

Kl 

□c 

X 



*4 

m 

O 

2 

X> 

2 

o 

a 

Ml 

M3 

a 

2 O 

fM 

ru a rw 

r* O 

Kl 

2 

a 

2 

rw 

2 

a 

fw 

a 

a a 

2 

a rw 

fw 

a 2 

2 


2 IM 

Kl 2 O 

2 

2 


0 

0 

KI 2 K> 

2 




3> 

r\i 3> 


IM 




IM 

fw 

ru 

2 — 

Kl 

a — a 

2 *K ® 

a 

2 

a 

a 

a 

2 

o 

WK 

2 

O fw 

IM 

Kl ® 

2 

K*rw 

a 

2 

a Kl 


2 a 

a 


— • 

•K 

»-• 

2 

2 fw 

Kl 




«*• 

O 

— 

O 

a 

2 

M3 

2 

X: 


o 

M> 2 X 

IM O 2 

a a 2 

rw 

a 

a 

o 


O 

2 

a 

2 

2 a 

IM 

o 2 


a 2 

2 

rw 

fw Kl 

ru 2 Kl 

ru 

O 

Kl 

2 

2 

Kl 

0 2 

IM 



a 

1/1 

a 

2 

a 

2 

a 

a 

a 

a 

2 

a 

a a 

a 

2 a a 

a a Kl 

Kl 2 

K> 

a 

a 

2 

a. 

a 

a 

Kl m 

2 

a Kl 

a 

a a 

a 

a 

Kl Kl 

2 

Kl a 

a 

a 

Kl 

2 

a 

a 

2 Kl 

Kl 




a 

o 

r- 

cu 

(O 

2 

33 

r^- 

ru 

31 

M> 

M> a 

a 

2»^ 2 

a 2 a 

2 

o 

a 

o 

2 rw 

ru 

2 

a 

Kl 2 

2 

IV Kl 

a 

a 2 

Kl 

a 

2 — 


Kl 2 

2 

a 

2 

a 

a 

a 

2 IM IM 




nj 

*n 

a 

o 

a 

a 

2 

34 

a 

M3 

a 

■^rw 

a 

o a 2 

Kl IM 

a 

2 

2 

2 

Kl 

— 

a 

Kl 

2 

rva 

•V 

Kl O 

2 

fw ru 

O 


o a 


2 O 

a 

2 

Kl 

0 

2 

a 

Kl fw 

IM 

.aJ 


o 

o 

f«*> 

o 


a 


f««- 

•O 

M3 

a 


33 Kl 2 

o ^ rw 

Kl 2 rw 

2 

a 

o x> 

2 

fw 

fw 

•n 2 Kw Jl 

a 

^2 

a 

fw rw 

a 

2 

»w a 

a 

aa 

o 

a 

2 

2 fw 

IM 2 2 

a 

QC 


a 


a 

2 

a 

2 

a 

a 

a 

a 

2 

a 

a a 

a 

2 a a 

a a Kl 

Kl 

a 

a 

Kl 

a 

a 

a 

a 

a 

Kl Kl 

a 

a 2 

Kl 

Kl a 

a 

a 

K> Kl 

a 

a Kl 

a 

Kl 

Kl 2 

a 

a 

a Kl 

Kl 



a 


2 

IM 


c 



3> 

2 

2 2a 

ru 

a 2 2 

2 2a 

2 

fV Kl 

a 

o 

o 

IM 

a 

Kl® O 

fM 2 cr 

O 

s?a 

2 


O 2 

Kl 

2 fw 

Kl 

2 

0 

0 

2 2 

0 a 

a 



Kl 




Kl 



•n 


O 



Kl «-• 


ru ru ru 

IM rv fU 


K» 

ru 

K% 

ru 


Kl 

ru 

•• 

-* IM 

ru 



Kl ru 



•Ka 

ru ru Kl 

ru 


k: 


Kl 

ru 

Kl ww 

IM 

i/> 


K> 

#n 


K1 

Kl 

-n 

fO 

t«n 

m 


K> 

K> 

Kl Kl 

Kl 

Kl Kl Kl 

Kl Kl Kl 

Kl 

Kl 

Kl 

Kl 

Kl 


Kl 

Kl 

Kl 

Kl Kl 

Kl 

Kl Kl 

Kl 

Kl Kl 

Kl 

Kl 

Kl Kl 

Kl 

KV Kl 

Kl 

Kl 

Kl 


Kl 

Kl 

Kl Kl 

Kl 

2 

o 


«o 

o 

o o 

a 

o 

x> 

2 

a 

2 rw 

a 

— • O 

O 

2 a 2 

— • Kl 

2 

2 

O 

a 

fw. 

Kl 

ru 

ru 

2 

2 'M 

fw. 

2 2 

O 

o a 

Kl 

a 

Kl K> 

2 2 



a 

Kl 

2 

0 

— • fM 

a 

•— < 


•n 

21 

a 

a 


IM 

2 

■O 

a 

2 

a 

a 

Kl a 

2 

Kl K> Kl 

Kl Kl Kl 

a 

'M 

a 


Kl 

tx> 

Kl 

Kl 

a 

a a 

Kl 

a K» 

2 

ru K> 

a 

a 

2 a 

Kl 

K> ^ 

Kl 

Kl 

IM 2 

*M 

Kl 

IM a 

IM 



ro 

'V 

r\j 

IM 

fV 


Z'* 

?M 

ru IV 

IM 

lU 

IM A< 

fM 

fV ru IM 

ru ru IM 

rv 

IM 

'M 

IM 

ry ru 

IM 

IM 

ru 

IM IM 

IM 

IV IM 

IM 

ru ru 

IM 

IM 

ru IM 

IM ru IM 

ru 

ru 

IM IM IM IM IM IM 

IM 



a 

•O 

o 



> 

IM 

a 

»o 



33 

Kl 2 

2 

2 rw rw 

a a a 


a 

2 

2 

2 


w 


fw 

Kl fw 

a 

O 2 

2 

2 2 

O 

2 

2 2 

o 2 o a 

2 

2 2 2 


a a 

2 

*T 


44 

a 

a 

a 

2 

2 


2 

a 

a 

a 

fn 2 a 

a 

2 a a 

2 2-2 

a 

2 a 

2 

2 

Kl 2 

2 


a a 

a 

a a 

a 

2 a 

a 

a 

Kl a 

2 

o r- 

2 

2 2 


2 2 

2 a 

2 

O 


■o 

■o 

O 24 

'O 

- 

2 

a 

rw 

rw 

a 

33 

a a 

a 

IM 2 2 

2 Kl Kl 

2 a 

O 2 

fw 

a* 


2 

IM a o 

fw 

a IM 

a 

2 Kl 

2 

Kl 

o o 

2 2a 

Kl 

2 

0 

2 

a 

2 rw ^ 

a 



ir» 

<4> 

2> 


2 

2 r*-. 

2 

M3 

M> 

M> 

<o 

a M3 

2 

2 2 2 

2 2 2 

2 

a 

2 

a 

2 rw 2 

2 

2 2 2 

2 2 2 

2 

a 2 

2 

2 rw 2 

2 2a 

2 

22 a 

a 

2 

a 4> 

a 



o 




a 

2 a 

a 

2 

a 

M) 


-K 

a 

IM 2 2 

2 a 2 

2 

a 

2 

a 

•o 

o 

IM 

rw 

o 

a — 

2 

2 2 

2 

— Kl 

ru 

2 

Kl a 

K> 

2 a 

fw 

2 X 

0 fw 

a 

o> 

2 



a 

£ 

IM 


m 

•o 

a 

IM 

£ 

IM 

ru 

o 

a 

- 

a IM Kl 

ru ru ^ 

Kl 

a 

■ 

ru 

a 


Kl 


Kl 

— — 

Kl 


IM 

O (M 



o a 

IM 

ru 

a 

2 

Kl 




0 -• 

a 



«- 

o 

O 

o 

CD 

r*“ 

•O 

K> 

M) 

a 

M> 

a 

a IM a 

a Kia 

2 ru 2 

IM fw 



2 

2 

2 

- 

O 

^ 2 

2 

^ fw 

2 

2 2 

- 

2 


Kl 

o 

ru 

fw 

2 a 

- 

rw 

ru X 

2 

CO 

o 


a 

£ 

£ 


IM m 

o 

IM 

£ 

IM 

IM 

o 

Kl »-« 


a IV IM 

Kl K> ^ 

K* 

a 


Kl 

a 

fw 

»M 

rv 

Kl 

^ O 

Kl 

zz 

ru 

O — 



o a 

IM 

a 

2 

2 

Kl a 

, ^ 


W 0 

a 

UJ 

Mi 


m 


^ CO 

« 

a 

o a 

ru 

M3 

a a 

a 

a ^ a 

2 i\ia 

Kl ® 

2 2 

ru 

- 

IM 

IM 2 IM a 

a 

a a 

o 

rw fu 

a 

- 

c 

ru 2 Kl 

- 

a 

a 

2 

2 

a 

Kl 0 

a 

a. 

40 


a 

o 

IM 

ry 


a 

IM 



IM 

a 

Kl 

£ 

a IM Kl 

Kl Kl ^ 

Kl 

a 


Kl 


2 

Kl 

IM 

ru 


2 

7 7 

IM 

O IM 



o a 

IM 

— a 

2 

2 

Kl 2 


— 

7 

a 




o 

r«»- 


V 

Ml 

fo 2 

o 

O 

a 

— 

2 2 

2 

ru o o 

Kl 2 a 

a 

a 

.2 

2 

2 

2 2 

O 2 a a 

Kl 

2 2 

2 

Ofw 

2 

IM 

a IM 

CM 

2 ru 

IM 

2 

2 

2 

IM 

fw 

a — 

2 



a 

o 

- 

- 

ru ru 

o 

ru 

- 

— 

— 

- 

Kl O 

O Kl ru Kl 

ru o 

IM Kl 

- 


ru 2 

rv 


- 

o a 

ru 

O O 

o a — 

O 

o a 2 

- 

O IM 

Kl 

Kl 

IM 

X 

- 

0 

a 0 

2 



a 


4> 

(O 

a 

M> 

<o 


fw (C 

K> 

a 

a 2 

2 

— IM |w 

ru Kl a 

2 

2 

a'- 

2 

2 

o a 

o 


IM in 

2 

fw ru 

Kl rw fu 2 

a 

a Kl 

a 

a o 


2 

2 

ru a 

2 

2 fw 

0 



in 




— 



IM 



ru 

— 

ru 

— 

Kl ru Kl 

ru IM ^ 


Kt 

IM 



rv 

a 

Kl 

Kl 

ru fM 

a 

Kl IM 

IM 

IM2 

Kl 

K> 

IV Kl 

2 

a Kl 

Kl 

Kl 

IV IM 2 

a 

a Kl 

a 



«>« 

na Tu 

IM 

ru ru 

ru 

rv ru IM 

IM IM 

IV ru IM 

rv ru ru 

IM IM ru 

ru 

IM 

♦V IM 

ru IM ru 

IM 

lU 

ru IM 

ru 

IM IV 

IM 

IM IM 

•V 

IV 

fM IV 

ru ru ru 

IM 

IM 

IM 

IM 

ru 

IM 

ru IM 

IM 

ui 


rw 

IM 

IM 

IM 

ru 

fM 

IM 

IM IM IM 

IM 

ru IM IM IM 

rw ru ru 

ru IM IM 

IM 

IM IM 

IM 

ru 

IM 

'M 

IM 

IM 

IM i\i 

ni 

IM IM 

IM 

IM IM 

IM 

IM 

rvi IM 

IM 

IM IM 

IM 

ru 

IM 

ru 

IM 

ru CM rw lu 

X 

►- 

4> 

m 

«n kO in iT> 

2 2 2 2 2 2 2 

2 2 2 2 

2 2 2 

2 2 2 

2222222 

2 

2 2 2 

2 2 2 

2 2 2 

2» 

2 2 2 

2 2 2 

2 

222 

2 

2 2 2 

2 


rw 

40 

O/ 

a> 


3> 

CO 

3> 

3} 

«x 

3> 

31 

M> 

■O 3> 

33 

3- 3* Ml 

2 2 X 

2 

3> 

2 

2 

2 

2 

X 

2 

2 

CO 2 

2 

2 2 

2 

2 2 

2 

2 

2 2 

2 

2 2 

2 

X 

X 

X 

X 

X 

X 2 

2 


o 

O 

o 

o 

o 

O 

o 

O 

O 

o 

O 

o 

O 

O O 

O 

o o o 

o o o 

O 

C 

O 

O 

o 

O 

o 

O 

O 

O O 

O 

O O 

O 

O O 

O 

O 

o c 

C 

O O 

O 

0 

0 

0 

0 

0 

0 0 

0 



n# 

nj 

ru 

IM 

IM IM IM 

IM 

IM IM 

ru 

IM 

IM ru 

ru 

ru ru IM 

IM ru IM 

ru 

IM IM IM 

rv 

ru 

IM 

IV 

IM rv ru 

ru 

IM IM 

IM 

ru ru 

ru 

IM IM ru 

ru 

IM IM 

IM 

IM 

ru ru 

IM 

ru IM IM 

IM 


N 


IM ffO 

a 

2 M> 

r«* 

3> O' 

o 


IM Kl a 

2 

2 r*' 2 

a o — 

ru K> 

a 

2 

2 r** 

X 

a 

o 

-K'IM 

fO 

a 2 

2 

rw lo 

a 

O 

IM Kl 

a 2 

2 

fw 

X 

a 

0 


IM Kl 

a 


>■ 












— • 

«K« 


^ 

— • ru IM 

IM 

IM IM IM 

ru IM 

ry 

IM 

Kl 

Kl Kl 


Kl Kl 

Kl 

KlKl 

Kl 

a 

a a 

a 

a a 

a 

a 

a 

a 

2 2 2 2 

2 


39 



The argviment has been advanced that, when more than two 
cells are used such as in a case in which all of the backscatter 
values within a one degree square are combined in a generaliza- 
tion of Equation (32) and such that perhaps eight terms would 
be involved in the sum, four from one beam and four from another, 
the relative probabilities would then have a meaning such that 
the highest relative probability would correspond to; the most likely 
wind speed and direction at the sea surface. This has yet to be 
demonstrated with any data from SEASAT, especially for the single 
polarization cases. A convincing theoretical proof is also lacking. 
Before it can be demonstrated, it seems that it would be advisable 
to carry the calculations out to a sufficient accuracy such that 
differences would not exist in the relative probabilities for 
those conditions in the theory where it can be shown that the 
relative probabilities are identically equal. 

The study of a similar problem for the SCATT to be described 
later shows that the maximum of the MLE (for six measurements) 
near the "true" wind is highly variable and is not a measure of 
how close the estimate is to the "true" wind. The material on 
pages 80 through 90 could peihaps be generalized to provide this proof. 
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MODES THREE AND FOUR FOR THE SASS 

For two of the modes of the SASS, the antennas were oper- 
ated on only one side of the spacecraft. A series of horizontally 
polarized measurements were made along one beam followed imme- 
diately by a series of vertically polarized measurements; then 
the radar was switched to the second beam, and the process was 
repeated. It is then possible to locate four sets of measurements 
closely spaced on the sea surface. One set consists of vertical 
polarization and horizontal polarization backscatter values for 
the first beam located near a second set of horizontal and vertical 
polarization values for the second beam. If the wind speed and 
direction does not change substantially, due to the lack of co-. loca- 
tion of the pair of cells from beam 1 relative to the pair of cells 
from beam 2, one could consider this set of four measurements as a 
possible way to determine the wind speed and direction unic^uely. 
Noise-free simulations of this case, in which it is assumed that 
the wind speed and direction were the same for all four measurements 
are shown in Figures 5 and 6. For Figure 5, the first three 
measurements for vertical polarization were identical to those made 
for the verticail polarization measurements in the preceeding section 
They are graphed as the solid lines. The dashed lines represent the 
curves that would be obtained from the horizontally polarized mea- 
surements . The four values appear to have the potential of being 
able to eliminate some of the alias solutions under certain cir- 
cumstances. For example, in Figure 5, the input wind speed was 
10 meters per second from zero degrees relative to beam 1. The 
two aliases occur for vertical polarization. They also occur, as 
would be expected, when one of the horizontally polarized measure- 
ments (beam 2) is paired with a vertical polarization (beam 1) . 
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FIG. 6 examples of NOISE FREE SOLUTIONS FOR BEAMS 90” APART, VERTICAL (CONTINUOUS) AND 
horizontal (DASHED) POLARIZATION, AND A WIND SPEED OF lOm/s FOR WIND DIRECTIONS 
OF ISO”, 220”, and 260”. 
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However, because of the difference between upwind and downwind 
for horizontal polarization as indicated by Figure 1 and the 
model function that has been determined from the JASIN measure- 
ments, the curve for the horizontal polarization looking upwind at 0 
does not even touch the other three curves for wind directions 
near 180°. A similar remark can be made for the last set of 
curves in Figure 5. The horizontally polarized measurement for 
crosswind again discriminates quite well for the aliases near 
270°. These correspond to "no solution cases" for horizontally 
polarized measurements. These differences, although they clearly 
exist, do not yet seem to have been exploited by any of the in- 
vestigators working with the model functions problem because there 
is no indication at the present time that anyone has yet succeeded 
in eliminating any of the aliases for the SASS measurements, so 

as to determine a unique wind field for one of the SASS orbit 
* 

segments. Even with the scatter that would be introduced by 
sampling variability the beam IH polarization curve should still 
be several meters per second higher than the vertical polarization 
aliases for the top curves in Figure 5. 

The problem is illustrated more pointedly by the second graph 
in Figure 5. The four solutions, including the true solution at 
40°, are such that the horizontally polarized measurements would 
yield results for the paired hozizontal measurements that would 
differ by very small amovmts in speed and direction from the paired 
vertically polarized measurements, and mixed pairs of one vertical 
polarization with one horizontal polarization would give "solu- 
tions" that would differ very little one from the other. The 
ability to eliminate some of the aliases appears to depend on wind 
direction and on upwind-downwind differences between vertical and 
horizontal polarization. 


* 

Without supplementary meteorological information. 



To emphasize the amount o£ information that could be extracted 
from properly grouped mode three or mode four measurements, Fig- 
ure 6 shows the results of using input wind speeds and direc- 
tions for this mode that are 180° away from the input wind 
speeds and directions in Figure 5. The correct solution has been 
moved 180° from the correct solutions in the first figure. The 
horizontally polarized data may succeed in eliminating the possi- 
bility of a solution near 0°, for the first of the three sets of 
curves in Figure 6. The same kinds of problems arise for a true 
wind from 220°, as arose from a true wind from 40°, Again, the 
horizontally polarized data has the potential of eliminating one 
of the aliases at 90° for the last set of curves. The only re- 
maining alias would be the one at 280°, to be compared with the 
one at 260° in this example. 

When the numerous sources of error for the SASS, simimarized 
in a preceeding section, are considered, it is not too surprising 
on the basis of these two figures that it has not yet been possible 
to determine ways, using modes three and four, to eliminate aliases. 

In the analysis of the SASS data, conditions such as those 
illustrated by the first and third set of graphs in these two 
figures, often result in no solution at all in the quasi -analytical 
case and in poorly defined solutions in the V - x search routine. 
This is caused by the fact that the estimates of the backscatter 
are too high for the upper of the curves and too low for the 
lower of the curves. This results in a situation for which no solu- 
tions exist in Equation 46. It is then necessary to calculate wind 
Speeds at upwind and downwind, relative to one of the beams that 
are more nearly maximum likelihood estimates by means of a very 
complicated search routine. This search routine was described by 
Pierson and Salfi (1978). It can be simplified on the basis of 
the analysis given in the preceeding material. 
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A part of the problem of eliminating at least some of the 
aliases in past studies has been the lack of a reliable model 
function. With the JASIN model function, based on the kinds 
of graphs that would result for a wider range of wind speeds and 
and incidence angles, some, but not all, of the aliases might be 
eliminated by considerations such as these. 
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DESIGN FEATURES FOR THE SCATT ON THE NOSS 

TTie new scatterometer to be flown on \» ome future_ spacecraft, arul 
presently under design, has many planned improvements over the 
SASS that was on SEASAT (Grantham (1980)). The design is still 
in the process of review. Bight features of the improved de- 
sign are described below. 

(1) Six antennas instead of four on each side of the 
spacecraft, three for each polarization, at angles 9f_ ± 45°. 

'i + 65°, - 115° and ± 135° to the spacecraft direction of travel. 

(2) Higher resolution with cells 10 kilometers apart 
and virtually continuous coverage with simultaneous 
operation on each side for alternating vertical and hori- 
zontal polarization. 

(3) Co-located cells by means of tuneable Doppler band 
pass filters to keep paired cells the same distance abeam 
of the spacecraft and provide a full swath for all lati- 
tudes. 

(4) Improved antenna elevation angles to peak gain for 

the two new antennas so that the signal-to-noise ratio will 
be increased at low incidence angles. 

(5) Greatly reduced attitude uncertainty errors. 

(6) Improved low noise amplifier. 

(7) A different inclination for the orbit. 

(8) Improved measurement accuracy of the noise power 

by measuring it over the full I.F. bandwidth rather 
than individueil doppler bandwidth. 
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Six antennas on each side. In addition to the four antennas at ± 45 
and ± 135° to the spacecraft direction of travel, as there were on 
the SASS, there will be two more antennas, one for each polarization 
at + 65 and - 115^ ^ the forward direction of travel . Modes three and 
four of the SASS have thus been augmented by two additional measure- 
ments and new azimuth angles (one for each polarization) for each 
area of the sea surface scanned by the instrument. As will be shown, 
these additional measurements can frequently eliminate two of the 
three aliases in the four solution cases described above. (When there 
are four solutions, one is correct, and so this leaves three aliases.) 
Higher Resolution . The 10 kilometer by 10 kilometer spacing of the 
cells that will be scanned by the SCATT will be virtually continuous 
over the measurement swath. Each alternate polarization measurement 
will be about 1.5 kilometers displaced from the preceeding polariza- 
tion measurement . When grid points are pooled in 5 by 5 clusters 
nearly the same area (which will be 50 kilometers by 50 kilometers) 
have been sampled six (x 25) different ways (three different 
azimuth angles and two different polarizations) . 

The vertical and horizontal polarization measurements will be 
interlaced and much more nearly coincident than those made by mode 3 
or mode 4 of the SASS on SEASAT because of the shorter time 
interval between samples. Sources of scatter in the SEASAT data 
because the paired cells did not exactly cover the same ocean area 
will be greatly reduced. Mesoscale fluctuations would still be present 
for a 50 X 50 kilometer area, but the averages of the 25 measurements 
for each antenna and polarization will be representative of the same 
area for all six of the averages. 

Also, 4x4 grid point clusters, 3x3 clusters, 2x2 clusters, and 
perhaps even other arrangements, can be produced if higher spatial re- 
solution is needed at the expense of sampling variability. The com- 
bined "true" SCATT communication attitude and squint errors at high 
spatial resolution may become the dominant vector wind error source. 
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Co- located cells ! For the SASS, the cells in the overlap area moved 
in and out with latitude for the different beams. To measure the 
received power the range gates had to be longer than the duration 
of the return signa- after passing through the Doppler filters. Thus 
the signal plus the noise would have added to it an additional noise 
that was measured for each cell. The added noise effect produced the 
K term in the variance of the received power. By tuning the Doppler 
filters so as to counter this effect, the cells can be kept the same 
distance abeam of the spacecraft at all latitudes and the range gates 
can be kept narrower. Typical values for k in Equation (31) for 
the SASS ranged from 0.29 to 1.36 after averaging the noise. For 
the SCATT, the values will be 0.2 for all cells. This allows the 
cells for all beams to be co- located for the same area of the sea sur- 
face. The narrower range gates reduce . the variance of the estimate 
of the estimate of the received power and will consequently improve 
Ithe estimates of the wind speed. 


Improved antenna elevation angles . The squared antenna gain pattern 
has a strong effect on the signal- to-noise ratio for a given cell. 

For the SASS, the antenna elevation angle was such that the values 

increased toward the inner edge of the swath because of the falloff of 
the antenna gain toward nadir. A parametric study of the effect of 
varying the elevation angle for the two new antenna at + 65 and 
_ 115° yielded optimum values that produced more nearly constant 
values of K for the inner edge of the swath and reasonable results 
over the entire swath. The effect will be to decrease the variance of 
the estimate of the recieved power for low incidence angles and cause 
the sampling variability of the estimates of the vector winds to decrease 

Reduced attitude uncertainties . The attitude of SEASAT was telemetered 

to the earth as an intermittent measurement. The reported values has an 

uncertainty, or an unknown error, that was fairly large. The combination 

of all of the attitude error effects given a maximum error for a of 

about 10%. 

* 

See Appendix G. 
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This uncertainty can be interpreted in terms of an additional con- 
tribution to the variance of the received power which effectively 
greatly increased the value of X' in Equation (24). (See Equa- 
tions (41) to (45) of Pierson (1977)). The transformation involved 
placing all of the random errors of measurement into the variability 
of the received power instead of partly into other terms of the 
radar equation. This particular effect was especially important 
for high wind speeds, when the "effective" signal-to-noise ratio 
would have been quite a bit lower. Improved attitude measurements for 
the NOSS will effectively eliminate all but squint angle error 
in the calculation of the backscatter measured by the SCATT. The 
improvement is approximately a factor of two for the fore and aft 
antennas. For the SCATT, maximum errors for the fore and aft beams 
will be about 5%. For the middle beams, it will be about 10%. 

Improved low noise amplifier . Improvements in amplifier design have 
made possible an amplifier with a noise figure of 4.5 db. 

A Different Inclination for the Oibit . The SCATT has been designed 
for a different inclination of the orbit. This change had little 
or no, effect on the accuracy of the measurements. 

Improved Noise Measurements . The received power is found by subtracting 
the noise from a measurement of the signal plus the noise. The esti- 
mation of the noise for the SCATT will be determined from a measure- 
ment over the total intermediate frequency bandwidth and thus its 
value will have less sampling variability. 

Tradeoffs . Four of the last six effects described above reduce the 
variance of the estimate of the backscatter and thus, reduce the 
scatter of the vector wind estimates. The greatly improved co- 
location of the six cells (three for each polarization) to be used 
to compute the winds, will reduce the effects of mesoscale varia- 
bility of some unknown amount! The benefits because of fixed narrower 
range gates, improved noise measurements, better attitude measure- 
ments, better attitude measurements, an inproved amplifier and adjust- 
able Doppler filters have been partly traded off to get a higher spatial 

resolution (smaller cell size). 

* 

At present. 
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All in all, for 5x5 and perhaps even smaller arrays, the 
variances of the estimates of backscatter for the SCATT will be 
smaller than for the SASS. Also the pooled areas for which the 
backscatter was measured, will be nearly coincident instead of 
being varying distances apart depending on factors beyond con- 
trol as in the design of the SASS. These improvements provide 
an opportunity to eliminate some of the aliases present in the 
SASS wind vector recoveries, perhaps even to the point where only 
one wind speed and direction correct nearly all of the time will 
survive. The best way to do this need not necessarily be any of the 
ways developed to date for the analysis of SASS data. 



A NOISE FREE ANALYSIS OF SCAT! MEASUREMENTS 

Backscatter measurements at 10 meters per second for a 25° 
incidence angle for the 45° and 155^ beams . 

Figure 7 shows graphs of backscatter versus Azimuth angle 
for vertical and horizontal polarization as predicted by the model 
function for 25° and 19° incidence angles for a wind speed of 
10 ms"^. The curves are similar for the ± 90° range about 0° 
aspect angle. From 90° to 270° however, the backscatter values 
for horizontal polarization lie considerably below those for vertical 
polarization. This particular feature may be the property that will 
allow the elimination of one of the four aliases possible in the 
four solution case. The upper curves represent the measurements 
made by the new antenna at 65° to the spacecraft direction of travel. 

Also shown on Figure 7 are five heavy black dots on the back- 
scatter curves. They represent the measurements that would be made 
in the noise-free case for a perfect model function, if the lead beam 
was pointing upwind. For the black dots, the six measurements are 
for beam 1 V Pol at upwind, beam 2 V pol 20° behind vipwind, beam 
3 V Pol 90° behind upwind, beam 1 H pol upwind, beam 2 H pol, 20°, 
behind upwind (and equal' to the corresponding V Pol value) and beam 
3 H pol, 90^ behind upwind. 

For an alias to exist, six measurements should be possible some- 
where else along these curves with the same angular spacing such 
that they would nearly equal the six measurements shown by the black 
dots . It is possible to come fairly close to four of the six measure- 
ments as shown by the open circles on the right hand side of these curves 
for the conditions assumed. With a very smll amount of scatter, three 
of the vertical polarization measurements on the right side could nearly 
equal the three measurements on the left. The lowest horizontal polarization 
measurement could also nearly equal the horizontal polarization measure- 
ment on the left. However, the other two horizontal polarization 
measurements on the right are quite different from the two hori- 
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zonal polarization measurements on the left. It is this dif- 
ference, if not masked by sampling variability effects,! that might 
make it possible to eliminate some of the aliases in the solutions 
to the vector winds that can be computed from these six measure- 
ments . 

The black triangles on Figure 7 show six values that would 
have been measured at 20°, on the left hand side, and a candidate 
set of six values on the ri^t hand side, as shown by open triangles 
that might correspond to an aliased wind direction. 

The black diamonds and black squares are for 40° and 60°. 

For the 40° wind direction, two candidate aliases that would exist 
for V POL two antenna SASS measurements are shown as open dia- 
monds marked I's and 2*s. Alias 2 is immediately eliminated by the 
new measurements because it differs by 2 db from the actual 
measurement. The additional measurements from the additional 
antennas on the SC ATT inform one immediately as to whether 
they straddle a convex or a concave portion of the curves. This 
locates the true wind, to within 180°, even if the right hand side 
of the curve as plotted would be identical to the left hand side 
for horizontal polarization. This figure therefore shows that 
it ought to be possible to eliminate two of the three aliases in 
every four solution case, soley on the basis of the measurements 
made with one polarization, and that differences between vertical 
and horizontal polarization for upwind and downwind may make it 
possible to eliminate the third alias. The remaining value would 
then, of course, be the correct value. The question that needs to 
be answered by means of a Monte Carlo study is whether or not 
the saspling variability effects in the measurements are so large 
that this effect will be masked too often and the technique would 
not succeed. 
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SCATT ANTENNAS 2 or 5 
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DIFFERENT WIND DIRECTIONS. 


Graphs for the .six SCATT measurements 

Figures 8A through 8H are similar to the graphs given 
in Figures 4, 5 and 6, except that the full curves have not 
always been plotted. The curves of wind speed versus aspect angle 
for input conditions, from 0° through 110 have been graphed 
in Figures 8A through 8D. Figures 8E through 8H continue 
the graphs in 20° steps to 340°. Only those portions of some 
of the horizontal polarization curves are plotted that differ frcan 
the vertical polarization curves near solutions and aliases. 

In Figures 8 and 9, the curves for the 65° antenna are 
slightly in error. They were computed for the same incidence 
angle as the 45° and 135° antennas instead of for a lower 
angle. The corrected curves would be slightly different, in general 
in a way that would improve on alias removal capabilities and rein- 
force the conclusions drawn from the figures. 

The top part of Figure. 8A shows the graphs for the vertical 
polarization measurements, for an input, wind speed and direction 
of 10 ms"^ from 0°. The black dot shows the true value. The 
two vertical polarization measurements shown by the solid curves, 
intersect and yield aliases for the 90° apart pair, near 180° 
as shown by the two circled points. The third beam at 20 to the 
lead beam for vertical polarization passes in between these two 
aliases. Any calculation of a quantity such as Q, based upon 
these three measurements would be difficult and would yield a very 
fuzzy relationship with a wind speed and direction somewhere near 
the center of this intersecting set of these three curves. The curves 
for horizontal polarization are such that the one for the beam at 
135° virtually coincides with the vertical polarization measure- 
ment. However, the curves for the lead beam at 45 , and the 
second beam at 65° both lie considerable above the points at which 
the vertical polarization curves cross. One way to discriminate 
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between the possible aliases near 180° and a true wind near 0° 
would be to calculate the solutions for the vertical polarization 
paired beams at 45° and 135 , use the wind direction that re- 
sult, calculate the wind speeds for the horizontally polarized 
measurements at these two directions and discover that they were 
much larger and differed from, in this case, 10 ms speeds by 
nearly 2% ms except for one. If sampling variability effects 
did not reduce this difference then one would conclude that the 
correct value would be at the 0 wind direction. 

The second set of curves in Figure 8A shows only portions 
of the full curves for simplicity in drafting. Portions of the 
three curves for wind speed versus aspect angle for the verti- 
cally polarized measurements are shown as solid curves. The in- 
put wind speed and direction was 10 ms from 10 . All three 
curves go through this point, as would the three curves for the 
horizontally polarized measurements. The three aliases for the 
measurements from the beams at 45 and 135 , as computed with- 
out any knowledge from any other measurement, are shown by the 
circled points. The curve for the measurement with the third 
vertically polarized antenna at 65° goes through the true value. 

It comes very, very close to the alias just beyond 180 . It is 
about 1 to 2 ms'^ higher for the other two aliases. It might be 
possible to eliminate tvfo of these aliases juSt by looking at 
the difference between the values computed from the paired measurements 
and the value computed from the third antenna at these directions 
using vertical polarization only. This would be one way to eliminate 
the alias near 360°. Again however, the difference between hori- 
zontal and vertical polarization produces curves for horizontal 
polarization near 180° that are distinctly different fran the 45 
beam and the 65° beam, as shown by the dashed lines on this figure. 
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Discrimination against these two aliases near 180° must therefore 
depend on differences in the model function between upwind and down- 
wind for vertical and horizontal polarization. 

At 20°, as shown by the last set of curves in Figure 8A 
with the same interpretation, the third beam at 65° for vertical 
polarization can almost surely eliminate two of the three aliases. 
The curve for horizontal polarization can then be used to eliminate 
the third, under the assumption that the sampling variability effects 
do not obliterate these differences. 

The top part of Figure 8B, for a wind direction of 30°, shows 
the full curves for the vertical polarization measurements. The 
beam at 65° now produces a very large difference for the wind 
speed at the directions of two of the aliases for the paired for 
aft beam, and surely elimintes these two aliases. The curve for 
the third beam at 65° still comes close to the third alias, and, 
thus, because of sampling variability effects cannot be considered 
to eliminate it. The horizontally polarized measurements again can 
be used as a discriminator for this third alias. 

For 40° and 50° in Figure 8B, the third vertical polari- 
zation measurement at 65° clearly eliminates two of the three 
possible aliases. The horizontally polarized measurements do not 
help very much in eliminating the third alias. For conditions 
similar to this, it may be only possible to pick two wind directions 
out of a possible four from the SCATT measurements. If any 
discrimination is to be made in an attempt to obtain the txue 
solution, this information will have to come from the differences 
between the horizontally polarized and vertically polarized mea- 
surements with reference to the variations in the shapes of 
these curves. 
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Fibres 8C through 8H show more of the same. If the true 
wind direction is sufficiently different from the directions, 

0°, 90°, 180° or 270° relative to the pointing direction of the 
lead beam, then the third measurement with the new antenna for 
vertical polarization will make it possible to eliminate two 
of the three aliases. The remaining two solutions for vertically 
polarized pairs of measurements 180°, or so, apart will then 
be such that one of them will be the correct measurement. These 
two values will be roughly, but not exactly 180° apart. Dif- 
ferences between the vertically polarized curves and the hori- 
zontally polarized curves can then provide the possibility, in 
the absence of strong sampling variability, to eliminate the 
third alias. This will be more or less successful depending 
upon the values of K that actually result from the design 
of the SCATT. 

As the true wind directions approach 0°, 90°, 180° or 270° 
the curves that are graphed take on a different form. The ability 
of the third beam at 65° for vertical polarization to eliminate 
two of the aliases decreases. However, the difference between the 
vertical and horizontal polarization then becane large for two of 
the possible aliases and this will, in general, allow them to 
be eliminated. The remaining uncertainty will be for wind speeds 
and direction that are just a few degrees away from the true wind 
speed and direction as contrasted to the case for wind direc- 
tions near 45°, 135°, 225°, and 315°. 

To show the full details of the information ccntained in all 
six measurements the top set of graphs in Figure 8G shows all 
six curves. The essential information that is needed to interpret 
the SCATT measurements, is nevertheless contained in the abbre- 
viated version of these graphs. 
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60 * 80 “ 100 " 120 * 240 * 260 * 280 * 300 * 

FIG. 8C SAME AS 8A EXCEPT FOR WIND DIRECTIONS OF 60“,.70'’, AND 80“. 
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40“ 60® 80® I00“I20‘*I40‘’ 200® 240® 280® 320® ^ 

Fig. 80 SAME AS 8A EXCEPT FOR WIND DIRECTIONS OF 90 °, 100”, AND 110®. 
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0 “ 20 “ 40 “ 60 “ 80 “ 120 “ 160 “ 200 “ 240 “ 280 “ 320 “ 360 “ 


FIG. 8E same as 8A EXCEPT FOR WIND DIRECTIONS OF 120“, 140". AND 160®. 
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FIG. 8G SAME AS 8A EXCEPT FOR WIND DIRECTIONS OF 240°. 260? AND 280° 


65 - 





For higher incidence angles, upwind backscatter is stronger 

than downwind backscatter for low wind and both polarizations. 

whereas for high winds, downwind backscatter is higher for V pol than 
upwind backscatter. At 40° | incidence angle the changeover occurs 
between 15 ms'^ and 20 ms’^ The changes in the graphs of wind 
speed versus aspect angle as the wind speed increases for the higher 
incidence angles provides a way to eliminate some of the aliases 
on the basis of the differences between vertical and horizontal 

polarization. 

Figure 9A through 9E show the noise free graphs, or ap- 
propriate portions thereof, for an incidence angle of 40 , wind 
directions of 0, 180°, 40° and 220° and wind speeds of 5, 10, 15 

and 20 ms 

Figure 9A shows the curves for 5 ms"\ There will be difficulty 
in eliminating any aliases near upwind for either the 0° or 90 
beam. Near 45°, 135°, 225° and 315°, it may be possible to eli- 
minate two of the three aliases. 

For 10 ms“^ in Figure 9B, it may be possible to determine 
upwind (or either beam. However, the two aliases near the downwind 
case may not be removable consistently. For angles near 45 , and 
SO on, two of the aliases can probably be removed but one may re- 
main 180° away from the correct direction. 

For the higher winds, as shown in Figures 9C, 9D, and 9E, the 
differences between vertical and horizontal polarization seem to pro- 
vide information that will frequently result in the elimination 
of that alias that is 180° away from the true wind and the third 
antenna will easily eliminate the other two. 

Inferences based on the above 

In the following sections of this report, an algorithm will 
be developed and tested to determine how many of the aliases can 
be removed by means of the six measurements made by the SCATT. 


- 67 








FIG. 9A SAME AS PREVIOUS FIGURES EXCEPT FOR 5 ms"', AN INCIDENCE ANGLE OF 40" 
i AND WIND DIRECTIONS OF 0", ISO". 40" AND 220". 
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0* 90® 180® 270® X 

FIG. 9B SAME AS FiG. 9A EXCEPT FOR 10 MS”'. 
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It will be tested by a Monte Carlo technique that will randomize 
the measurements based upon the equations of a proceeding section. 
Almost by inspection of Figure 1 it should be possible to predict 

when such a procedure will be successful. 

It will nearly always eliminate two of the three aliases in 
four solution cases for high enough winds. The remaining two solu- 
tions will be nearly 180° apartt This will greatly simplify the 
problem of using meteorological information to remove the third 
alias. The removal of the third alias solely on the basis of the 
data provided by the SCATT depends on there being a real differ- 
ence between the curves for horizontal and vertical polarization 
at upwind and downwind. This real difference would exist, if 
Figure 1 is correct, for high winds because a backscatter value 
for upwind will be lower than that for downwind for vertical 
polarization and conversely, for high winds for horizontal polari- 
zation the upwind values are stronger than the downwind. These 
differences should be sufficiently large to permit the discrimination 
of the third alias if the signal to noise ratios are high enough. 

For low winds and low incidence angles there also appears to 
be a difference between upwind and downwind for vertical and hori- 
zontal polarization. For vertical polarization the upwind and 
downwind values are nearly equal. The downwind H-pol are con- 
siderably smaller than the- upwind values. If the signal to noise 
ratio is high enough at low incidence angles for light winds 
this should also permit the elimination of the third alias. For high 
incidence angles and light wind, the prediction can be hazarded that 
the techniques will not be successful because there is no strong 
difference between upwind and downwind for vertical and horizontal 
polarization. This remains to be tested by the Monte Carlo tech- 
niques. At high incidence angles and light winds the signal-to- 
noise ratio for horizontal polarization may be so low that these 
values will not have the ability to eliminate any aliases. 

Ths Monte Carlo study that will be carried out, is 
done under the assumption that the model function is correct. The 
preceeding material on the JASIN experiment indicates that the 

Most of the time. 
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model function is becoming quite realistic. Nevertheless pru- 
dence dictates that continued efforts to improve upon the model 
ftinction with the presently available data be made, and that plans 
to update the model function once more when the final design of the 
SCATT is conqpleted and the instrument becomes part of an orbiting 
spacecraft . 



AN ALGORITHM FOR THE SCATT 


Definitions With beam 1 at 45° to the direction of spacecraft 
travel and all wind directions referred to zero degrees relative 
to the pointing direction of beam 1, the direction of beam 2 on 
the right side will be at 65°, or 20° relative to beam 1, and 
beam 3 will be at 135°, or 90° relative to beam 1. Also with a 
1 for H pol and 2 for V pol, the six measurements (estimates) 
obtained by the SCATT can be labeled as 0°^ , o° , o°j, for beams 
1, 2 and 3 H pol and as 0°^^, a°2 and °25 ^°^ beams 1, 2, and 3 

V pol. 

For a known wind speed and direction at the location on the 
sea surface where the SCATT measurements were made, the theoretical 
values for the measured backscatter, where and Xj. are the true 
wind speed and direction, are given by Equation (48) where the a 
values are in decibels 


^ ^°®10^T 

= G(x.p, ep + H (X.J., 0j) logjo'^T 

°12 ' ®2^ ^ ”^^T ■ ®2^ ^°8io'^T 

<^22 ~ G(Xj “ 20 , 62) + H(Xq. - 20 , 62) ^^Sjo^T 

ajj = GiXj - 90°, 6j) + H(Xt - 90°, 6^ logj(jV.j. 

°23 = - 90°, ep + HiXj - 90°, 0^ log^^V^ 


(48) 


75 



These six backscatter values in the actual situation are un- 
knovm. They are calculated from the appropriate model function for 
the appropriate incidence angles, which are (for simulation purposes) 
equal for beams 1 and 3 and slightly smaller for beam 2. 

Associated with each o?^ for each of the cells of the SCATT, 
the parameters that enter into the calculation of the variance of 
the measurement are known so that in antilog form, the values of 
o?. can be calculated from Equation (29) as in (49). 

o?. =0?. + t(VAR o?.)*'^ (49) 

It is important to note that VAR is calculated from , 

not o?.. The values of t (there are 6 different values for each 
simulation) are independent zero mean unit variance normally dis- 
tributed random variables. 

For a given Monte Carlo simulation and for the actual con- 
ditions, the knowns are the and the unknowns are the 

and the t. . that perturbed the measured (estimated) values away 
from the true values. 

A Quick Search for the Candidate True Wind Speed and Direction 

The information available consists of six numbers, o?^ , and 
the incidence angles. To search the entire V - x plane with an 
extension of either (41a) or (41b) or perhaps even a correct 
likelihood function, seems a rather inefficient way to start. In- 
stead, let us use 

"o 1^0 

and O 22 (in db) 

to compute the wind speeds and directions that would be possible 
for this pair of measurements using the ideas expressed in the 
discussion of Figure 4. 
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There will be either four solutions, two solutions, or no 
solutions where the curves similar to those in Figure 4 cross 

four times, two times or not at all. If there are two solutions 

they will be close together. A third solution needs to be found 
about 180° away from the average of the two solutions be- 
cause of sampling variability effects. If there are no formal 
solutions because of sampling variability effects, two need to 
be found 180° apart. The techniques described by Pierson and 
Salfi (1978) can be used. The three solution case as in Fig. 8 A 

for zero degrees has zero chance of happening as soon as sampling 

variability enters. 

If there are four solutions, they will be of the foim 
'^l’ ^1’ ^ 2 * ^2’ ^3’ ^3’ ^^4’ ^4 

where 

0 < Xj < 90'"' 

90° < X 2 ^ 180° 

180° < x^ < 270° 

270° < X 4 < 360° 

The other cases occur, for example, as x^ approaches either 
zero or 90°. As x^ approaches zero, x^ approaches 360°. As 
Xj^ approaches 90°, X 2 approaches 90°. Similarly as Xj 
approaches 180°, X 2 approaches 180°, and as Xj approaches 
270°, X 4 approaches 270°. 

The various special cases, other than the most frequent four 
solution case, are given below where the limiting angle is re- 
peated for each quadrant. The "Y" type solutions are 

0°, X2* X3, 0° 

90°, 90°, X 3 > X 4 

Xj, 180°, 180°, X4 

X^, X 2 » 270°, 270° 
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and the 180° apart solutions are 

0 °, 180°, 180°, 0 ° 

90°, 90°, 270°, 270° . 

If there are four solutions, the next step is to compute 
the wind speed for beam 2, V pol from 

^°®io'^22:k = - 20 °, 62 ) + S(x - 20 °, 82 ) O 22 

for X]^» X 2 » Xj* X^* (50) 

The differences IV 2 , ^3 ^-^ 221 ! ^ ^ 

4 tell how far the curve for beam 2, V pol, is from the wind 
speed for the four solution V pOl case. The largest two of the 
absolute values can be discarded as yielding not very probable 
solutions . 

Typically the two solutions that survive will be nearly 180 
apart so that the two survivors will usually be either 

Vj, Xi and V 3 ,X 3 
or 

Vj. Xj and V^, X 4 

The other possibilities could also occur and are carried for- 
ward. 

For the two surviving wind directions, the next step is to 
calculate the wind speeds at either Xj and X 3 X 2 and X 4 

(or whatever) for each H pol measurement. 

^°^lo'^llk 
^°^lo'^12k 


= 4(x, ep + B(x,ep 
= Aix - 20 °, 62 ) + B(x - 20 °, 62 ) o °2 
= ^(x - 90°,ep + B(x - 90°, ep 
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( 52 ) 


The six differences in sets of three of fh® form 

‘ \ ' l''2,13k - ''ijkl 

for k equals 1 or 3, or 2 or 4 (or whatever) are such that 
one of each three will be close to the V pol wind. This third 
A. V is discarded. Of the two remaining values at the two candi- 
date directions, either one set of two will be clearly larger, than 
the other set of two or the results will be indecisive. A de- 
cision can be made on the basis of the results of (52) such that 
either one or the other of the four V pol solutions emerges as 
the winner or no superior solution of the two possibilities emerges. 

The chosen V pol solution or the two solutions usually 180 
apart can be then used in further calculations to obtain an im- 

proved result, o 

If there are three solutions for the V pol zero and 90 
beams. Figures 8 and 9 show that the 20° beam for V pol provides 
little discrimination among the three solutions. For the three 
possible directions, x^, X2* X3, and each H pol measurement, the 

three wind speeds can be found. 

For each of three sets of three solutions, one absolute value 
of the speed differences will be a minimum to be discarded. The 
differences between the V pol solutions and the two corresponding 
H pol solutions can then be compared. If the vertical leg of 
the "Y" type solution has minimum absolute differences the 
vertical leg is the candidate solution, if not one or the other 
of the "V" part of the "Y" may have a clear absolute minimum; 
in which case it is the candidate. Otherwise both are con- 
sidered. Q 

If there are only two solutions for the V pol zero and 90 

beams, the three H pol solutions can be used, and usually one or 
the other candidate V pol solutions will be selected. If not, both 
are candidates. 
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A TRUE MAXIMUM LIKELIHOOD ESTIMATE OF V AND 


For a given SCATT measurement, the six measurements (esti- 
mates) a?, as defined above are available. Also there are 
six unknown values of o?^ as would be generated by Equation (48) 
for sOTie unknown -true wind speed, V^, and wind direction, x>p* 

likelihood fimction is the product of the probability density func- 

^ o 

tions for each of the random variables as in Equation (53) , 

where the backscatter is in antilog form 


Vi -0 n 1 

I(o. .;o. .) = 3 

( 217 )"^ 


exp(-is(a?^-o?^)^ /vAR a?^) 


(VAR o^j)'^ 


(53) 


and where 


VAR a?. 2 =(A + X)a?.2+ 2X Nfla?.2+1.2 X(Nff)' 
13 13 ij 


(54) 


The values of A, X and Nff are a function of the incidence angle, 
the beam number and the cell being scanned. Their specific values 
are given in an appendix along with an analysis of the relationship 
between (54) and (28). 

The likelihood function is a product in these circtunstances of 

six probability density functions. It is not a probability until 

integrated over some region of the six dimensional space defined 

bv the a° . For a likelihood function, the variables are the 
ij , "0 

o?. NOT the a... For the given set of measurements the 

are known, as samples of size one from six different probability 

density functions. 

The 0 ?. are unknown, but they are connected by the physics of 
the problem via the model function in that all six values are re- 
lated to the same unique (assumed) values of V^ and x-^’ 3 ^^ in (48) 

The problem is to estimate the best values of V,p and Xj given 
the sample, 0 ?.. 
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Given then a trial value of V,, and the six values 

of o?. can be found from the model function and substituted into 
C54 )."’a value of iCo°j, <>“_,) is the result. A search over all 
possible values of V.^ and 'x.j. "ill field local maxima of 
L(a?., o?.). The maximum of these local maxima is the maximum 
likelihoS estimate of and Xp and of each of the o°., 

subject to the constraint of Equation (48). 

When the values of the exponential terms are near 1 in (53) , 
the value of L is determined by the variances in the denominator 
of (53). These are usually very much less than one and being 
in the denominator, the result will be a large numerical value 
for L. The likelihood function can be scaled by any arbitrary 
constant and the local maxima will be preserved. 

Let this constant be 


where 


Then 


It can be noted that L' is equal to one if the o.^ are 
identically equal to the 




(VAR a. .) 


(55) 




VAR O?. = (A + X)0*^^ + 2XNi? + 1.2X(Ni?) 


11 


(56) 




o 


n 11 


?.-a?.)^ / VAR o?.))) (VAR oVp 
11 11 / 11 ±2 


11 


(VAR o?^)'^ 


(57) 
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The search for a local maxinoim is facilitated by woilcing with 
the natural log of the likelihood function as in (58) because a 
product of exponentials is involved in the function, L'.* 


ini' = ij C-% C(S°j - o°.(V,x))VvarJ°.CV,x)) ) 

/S 

+ I. (h VAR a .) 

11 11 

- 2^ {h In VAR cJ?j(V,x) ) 

If for a given V and x> the values of a?^ were identi- 
cally equal to the values of 'LnL' would be identi- 

cally zero. The sum of the last 12 terms in (58) can be either 
positive or negative, but, whatever that sum is, it will be 
slowly varying in a neighborhood of the V-x plane. The first 
six terms become rapidly negative as soon as departs 

slightly from o°.(V,x). For (58), and hereafter, the notation 
for and x.p is simplified to V and x* 

Equation (57) will be called the normalized likelihood func- 
tion since it varies from one (or slightly more than one) to zero. 
Equation (58) will be called the logarithmic normalized likelihood 
function. It varies from ever so slightly positive to minus infinity 
and proved to be the best function to use in searching for maxima 
in the V,x plane during Monte Carlo simulations. 

A Simplification for Computational Purposes 

It is convenient to make a change of variables in order to simplify 
the calculation of Equation (58) . Let 

a?j(V,x) = o?. + 6^^(V,x) (59) 


*The SASS-1 vector wind recovery algorithm is different from the 
one described by Wentz (1978) and from equation (58). For pairs of 
cells as in Seasat, the differences would rarely matter, but for the 
SCATT they could be appreciable. 
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which is simply a constant for each term plus the varia- 
bility for a particular wind speed and direction for a given set 
of six estimates. 

Then 


VAR(a°j(V,x» = VAR(a?.(V,x)) + a(6.^(V,x))‘ 


+ (2 a a? . + e) 6^^(V,x) 


(60) 


where a and 3 can be found from Equation D3, and 


In V = - 


Js . 1 . 
13 


(S^.j(V>x))‘ 


VARCo?.) + a(6,,(V,x)) + (a a° + 3) 6 (V,x) 


ij 


13 


13 


13 


In 


1 + “ °ij ^ ^ijCV»x) 

VAR(a?^) 


(61) 


In this form, the only quantities that vary as a function 
of V and x are the 6^j(V,x). All of the other quantities in 
the twelve terms of the sum are known constants as a function of 
a, 3, Y and the six estimates of the a?^ obtained by the radar. 
These constants can be evaluated just once for a given set of six 
measurements (estimates). The six values for the 6^j(V,x) and 
found from 


6ij(V.x) = c°.(V.x) - o“. 


( 62 ) 


and then Iri L' can be quickly computed. 


* 

See Appendix C 
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Interpretation 


Equations (58) and (61) are extremely difficult to interpret 
from both probabilistic and physical points of view because of the 
interposition of the physical law defining the acceptable sets of 
six values of backscatter by the model function. In a Monte Carlo 
simulation, the true values of V and x ^^e known. If either (58), 
or (61), is evaluated at the true value of the input wind speed and 
direction, the result is quite instructive. The value of the func- 
tion reduces to Equation (63) where the are the "true" values 

of the backscatter from the model function and the t. . are the six 
unit variance zero mean random variables from a normal distribution 
used in the simulation. 


ML' = Js j:. t?. + % X. In 

ij ij ij 


1 + ex t . . + 


( 2 g?. ^ 8) 

(VAR a?. )'^ 

ir i 


(63) 


From Table B1 in Appendix B, the value of the second term 
in (63) for S/N = 10 db is 

% in (1 + 1.13 X 10"^ t^ + 0.1158t) 

and for S/N = - 12 db, it is 

Js in (1 + 1.13 X 10"^ t^ + 0.0097t) 

For t = 2,* the first expression equals 0.104 and for the second 
it equals 0.0096 so that the second correction is small, but not 
negligible for high signal to noise. 

The first term in (63) is half the sum of the squares of six 
values from a zero mean unit variance normal distribution. Without 
the one half, this is the Chi square variable with 6 degrees of 

freedom. 

* 

See Equation (29) . 
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Some of the values from the cumulative Chi Square distribution 

for 6 degrees of freedom are given by Table 4.1 

i 

The top row is the probability of a Chi Square less than the 
value in the second row. The last row is approximately the value 
of the normalized likelihood function. 


Table 4.: 

The Relationship Between Chi Square 
Normalized Likelihood Function. 

and the 



P 

0.05 

0.10 0.25 

0.5 

0.75 

0.90 

0.95 

Chi Sq. 

1.64 

2.20 3.45 

5.35 

7.84 

10.6 

12.6 

Chi Sq./2 

0.82 

1.10 1.73 

2.68 

3.92 

5.3 

6.3 

exp -(Chi Sq./2) 

0.42 

0.33 0.18 

0.068 

0.020 

0.005 

0.002 


In the search for the maximum value of the normalized likelihood 
function, the values of V and x yield the maximum are not the 

input values for the Monte Carlo simulation. Therefore, the values of the 
normalized likelihood function will be greater than the values derivable 
from the Chi Square value generated by the six Monte Carloed values 
of t. The third row and the fourth row of Table 4 are equally use- 
ful values for the maximization of the likelihood. For some wind speed 
directions and incidence angles, it might be expected that these values 
from a Monte Carlo simulation might approach a Chi Square distribution. 

Consider Figure 8G in terms of the evaluation of either Equation 
(61) or (57). At 240°, there are four curves with a positive slope 
going through the point for the true wind speed and direction. If the 
normalized likelihood function is evaluated for these four terms only, 
the result would be a ridge-like function with a ridge running from 
under 10 m/s at 220° to over 10 m/s at 260°. A similar ridge, 
perhaps not as high, would occur near ,60°. 
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Small perturbations, such as the random fluctuations caused by 
communication noise, can cause the point where these four curves 
form a maximum along the ridge to vary over a considerable range of 
correlated directions and speeds. The other two curves with the 
negative slope near 10 m/s and 240° cross the ridge formed by 
the four curves at a sharper angle. Fluctuations in the measurement 
of backscatter for these two curves will cause them to cross the 
ridge formed by the other four curves at varying locations. It should 
be expected that the maxima for Monte Carloed values of the normal- 
ized likelihood function will lie along the ridge formed by the four 
curyes in this figure that pass through the "true value". 

Also as shown in Figure 8G, consider the possibility that the 
four Monte Carloed values of the backscatter for V and H polari- 
zation for beams 1 and 2 are all greater than the true value. Also 
the values for beam 3. could both be less than the true value. The 
result could easily be that all six curves would pass very near each 
other at a point corresponding to some speed and direction other 
than the "true" one. The normalized likelihood function could be 
close to one and yet the speed and direction could differ from the 
true speed and direction, 

Other combinations of random effects could cause the Six curves 
to shift in such a way that the normalized likelihood function would 
be a maximum at a point close to 10 m/s and 240° but at the same 
time be low compared to the value obtained by the proceeding analysis. 
There is no reason to expect that the values of the normalized likeli- 
hood functions from one set of six measurements to another set of six 
will be correlated with how close the resulting wind speeds and 
directions are to the true wind speed and direction. Both of these 
features of the maximum likelihood estimates will be illustrated in 
the results to follow. 

Also in Fig. 8B, four of the six curves come close together at 
60°. If the estimates at 60° for these four curves were all close 
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to the true value, and if the remaining two were both high, by. 
chance, the speed and direction at 60° near 10 m/s could pro- 
duce a higher value for the likelihood function than the value 
for 10 m/s and 240°. 

Averages over Cells 

The NOSS will scan rows of cells abeam of the spacecraft 
such that every ten kilometers there will be six measurements all 
close together for the six antennas. The incidence angles will be 
equal for these rows*. Rows at slightly larger or smaller incidence 
angles will also exist such that a 50 km on a side square will con- 
tain 5 rows of 5 sets of six measurements of backscatter at 10 km 
resolution. Each row of 5 will have 30 measurements and each 50 km 

square will have 150 measurements. 

A row of 5 at the same incidence angles could possible be aver- 
aged for each beam's backscatter values to reduce the 30 measurements 
to 6, and then the 6 averaged values could be used in (61), with 
the equations for the variance corrected, to get the maxima of the 
normalized likelihood function* 

Five Monte Carloed values of o° for the same wind speed and 
direction and the same aspect and incidence angles would be given by 
Equation (64) . 

o° = o°(V,x) + tp (VAR o°(V,x))^ 
for p = 1 to 5 

The average of the five values is given by 



*For each beam, along a row of successive cells. 
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The expected value of 


-0 . 
a IS 


E(0'") = o°(V,x) 


and the variance of 


-0 

0 


is 



VAR g°(V,x) 

5 


( 66 ) 


(67) 


Therefore to Monte Carlo an average by 5's, it is simply necessary 
to divide the constants in (54) by 5 and use the resulting new 
constants to calculate the terms in (58) or (61). 

Incidently, this average by 5*s of the backscatter values is 
not the maximum likelihood estimate that can be obtained from this 
sample of 5. There may be a better way to approach this average, to 
be the subject of further investigation. 

As a first approximation to the 50 km square, 25 cell averages, 

the cross track variation of backscatter caused by changes 
in the incidence angle can be neglected.* Averages over 25 cells can 
then be simulated by using 25 instead of 5 in Equation (67). In 
appendix B, the effect of reducing the standard deviation by a factor 
of 5 for the functions that are illustrated would eliminate a lot 
of negative values of backscatter for low signal to noise ratios. 

Whether or not these averages are justifiable on the basis of 
the effects of mesoscale turbulence and the variability of the winds 
from one 10 km by 10 km cell to another for the 25 such cells 
in the 2500 square kilometer standard areas for the SCATT needs 
to be investigated. 

As an alternative to averaging five values of backscatter for 
each beam along a row and then searching for the maximum of (58) 
or (61), these equations could be extended to represent the sum of 
90 (Equation (58)) or 60 (Equation (61)) terms one for each back- 
scatter measurement (estimate) and the maxima could be found. The 
dcmiinant terms in (63) would then be Chi Square variables with 

30 degrees of freedom. 

* 

By making some assumptions about the nature of the backscatter, the 
variation in incidence angle can be corrected. 
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Table 5 illustrates the variability that would occur under 
such circumstances if the likelihood ftinction could be evaluated 
for the "true” wind speed and direction. From Table 5, about one 
ha.lf of the values of the logarithm of the normalized likelihood 
function will fall between - 14.25 and - 17.4, and ninety per- 
cent will fall between - 9.25 and - 21.9 because the slight in- 
crease as the maximum is found will be dominated by the scatter in 
the measurements caused by communication noise and attitude error 
effects. The corresponding values for the 150 measurements made 
at 25 cells would center around a Q\i Square value of 150. The 
values of the logarithm of the normalized likelihood function 
would be near - 75 and the anti-logs would be very small indeed. 

A search procedure to maximize the normalized likelihood function 
for either five or twenty-five cells seems to be a highly ineffi- 
cient procedure. Others ways to recover winds needs to be sought. 

Such a search procedure would not yield the same results as this 
study. The use of 30 values from a row of 5 10 by 10 km cells 

might produce better results.* 

There are other advantages to the 10 kilometer resolution compared 
to coarser resolutions that are addressed in Appendix G. Effectively 
the sea surface is sampled more uniformly over a more nearly square 
area for pooled data at 50 km resolution than it would be at a 
50 km resolution. 


* 

See Appendix C 
^See Appendix F 
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Table 5 The Relationship Between Chi Square and the Normalized Likelihood Function 
for Five Ten Kilometer Resolution Cells at the Same Incidence Angle. 
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SELECTION BY OBJECTIVE CRITERIA AND 
THEIR CORRESPONDING MLE VALUES 

Every twelve hours there will be about two million 10 km cells 
sanpled by the SCATT. This will involve processing twelve million 
backscatter measurements. It is important to find a quick and ef- 
ficient way to determine the winds from sets of six backscatter 
measurements. Two possible ways have been, described, one involving 
a quick search and the other involving maximizing a likelihood function 
by means of a search over the V-x plane. The quick search can be 
used to find the starting point for the V-x plane search for the 
maxima of the likelihood function. 

There are 9 different decisions that can be made for each set 
of 6 CO- located backscatter measurements. An example of each will 
be given along with the corresponding estimates obtained from the 
likelihood fimctions. 

Class 1 (For V Pol Pair Solutions) 

The input wind speed and direction for this example was 12 m/s 
and 15°. In Table 6, the computations that result in a typical 
Class 1 decision for a Monte Carlo simulation are shown. 

The first 16 numbers show the wind speeds (first colvmm) and 
wind directions (second column) for the four vertical polarization 
solutions for beams 1 and 3. There is one solution for each quad- 
rant. The third column s the wind speed calculated for beam 2 at 
the wind direction given in the second column. The last column is 
the difference between the third column and the first column. Two 
of these differences are very large aind eliminate these two V pol 
pair solutions from further consideration. 

Tlie next two rows of numbers repeat the two candidate speeds 
and directions that survived the first two steps, and the differences 
between the speeds for the V pol pairs and the speeds for beam 2 
V pol at the same direction. 

Wind soeeds that result from the three H pol measurements for 
the two known surviving V pol pair wind directions follow, the three 
speeds and the absolute values of the differences between these speeu- 
and the corresponding V pol speed are tabulated in two rows. 
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Table 6a Example! for a Class 1 Decision and the Corresponding Maximum 
Likelihood Decision^; input 12 m/s, 15 . 


SPEED 

DIR. 

BM 3 

DIFF. 





12.07 

17.99 

11.99 

-.08 





12.68 

168.77 

13.78 

1.10 - 

eliminated 




12.69 

191 .61 

12.13 

- . 56 





12.11 

340.99 

14.53 

2.42 - 

eliminated 




CANDIDATE 


H POL 

1 H POL 

2 

H POL 

3 

12.07 

17.99 

.08 

1 11.71 

.35 1 12.24 

.171 

12.02 

^j04 

12.69 

191.61 

.56 

1 13.92 

1.23 1 14.72 

2 . 03 1 

12.58 

-r4r0 

CLASS 1 

12.1 

18.0 Selected 






corresponding MLE values . 


MLE 12»0 18.5 .796605+00 

MLE 13.2 187.5 .515984-03 

MLE 13.2 187.5 . .515982-03 

MLE 12.0 18.5 .796605+00 

MLE 12.0 18.5 .796605+00 Selected solution from MLE. 


Table 6b Example for a Class 2 Decision 


SPEED 

DIR. 

BM 3 

DIFF. 

11.84 

18.53 

12.06 

.22 

12.47 

168.35 

13.90 

1.43 - eliminated 

12.48 

192.06 

12.17 

-.30 

11.88 

340.40 

14.68 

2.80 - eliminated 

CANDIDATES 



11.84 

18.53 

.22 

11.84 12.15 

12.48 

192.06 

.30 

14.05 1.57 14.62 

CLASS 2 

11.8 

18.5 

No Decision 


12.5 

192.1 


corresponding MLE 

values. 

MLE 

11.9 

18.5 

.875611+00 

MLE 

13.1 

187.5 

.259304-03 

MLE 

13.1 

187.5 

.259304-03 

MLE 

11.9 

18.5 

.875612+00 

MLE 

11.9 

18.5 

.875612+00 Selected 


.32 11.91 

2.14 12.50 


.07 
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The smallest difference for the H pol solutions in each row 
is then eliminated from consideration. If all three of the remaining 
differences in one row (one V pol beam 2 and 2 H pol values) 
are less than all of the remaining differences in the other row, 
then the V pol solution for that row is uniquely selected as the 
correct wind speed and direction. 

For the example selected, the chosen wind speed and direction 
differs by 0.1 m/s and 3.0 degrees from the input speed and 
direction used and is the correct choice. 

For these Monte Carlo simulations all four of the original 
V-pol pair solutions were used as the starting point for a search 
of the V-x plane. Operationally, either only the chosen solution 
or the V pol pair could be used (with some chance of an error). 

The MLE search yielded only two solutions which were found 

to the nearest 0.1 m/s and 0.5 degrees, and five values for the MLE 
are reported. The first four are the result from starting the search 
at each of the four V pol solutions f The last value in the selected 
MLE solution. One was quite close to the Class i Choice (with 
somewhat improved accuracy for speed). The other was about 180 
away. The values of the normalized likelihood function for these 
two maxima were 0.7966 and 0.00516. 

Class 2, (Four V Pol Pair Solutions) 

Table 6 also shows the calculations made in order to determine 
a class 2 solution. For an input wind of 12 m/s and 15 . The 
calculations proceed as in the previous example except that the 
test for a Class 1 solution fails because the beam 2 V pol dif- 
ference and the 2 H pol differences for either candidate solution 
are not all less than those for the other candidate solution. Since 
the test for a Class 1 solution fails, the two H pol differences 
are considered. If both of these H pol differences for one candidate 
speed and direction are less than the differences for the other 
candidate, than the winner is listed as the most probable of the 
two candidate values and the second one is listed as the next pos- 
sible solution. The two that result in this example are about 180 ^art. 

i.e. The search was started from all four speeds and directions and 
found only two maxima in the entire plane. 
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The four original V pol pair solutions are then used as the 
starting point for a search for the MLE solutions. Again only 
two are found. One is correct and has an MLE of 0.8756 com- 
pared to 0.00257 for the other. 

Class 3, (Four V pol Pair Solutions) 

Table 7 shows the calculations for a Class 3 solution. 

The test for the 3 differences for the two candidate directions 
is not passed, nor is the test for the H-pol differences. All 
four of the original V-pol pair solutions are listed and no 
decision is made. 

The MLE search again in this example only yields 2 solutions 
The one with the highest MLE value is correct. 

Class 4, (3 V Pol Pair Solutions) 

Table 8 illustrates the results of calculation that yields a 
Class 4 unique solution. The input was 12 ra/s and 165°. The 
beam 2 V pol measurement is not particularly useful for the con- 
ditions as shown in Figures 8A, 8D, 8F, 9B, 9C, and 9B. One of the 
three V pol solutions will be at 0°, 90°, 180° or 270°. The 
table shows these three solutions in the first two columns. The 
speeds for the 3 H pol measurements for the 3 directions in the 
second column and the absolute values of the differences between 
these speeds and the V pol speeds are shown. For each row 
the smallest value of the differences is eliminated* 

If for the remaining differences, the values for the base 
of the "Y" pattern are both less than all four values for the "V" 
part of the "Y" then this solution is picked as a unique Class 4 
solution 7 

All three values for the V pol pair solutions are then used 
as a starting point for the MLE search. The example shows that only 
two maxima exist in the V-x plane. The cme at 11.7 m/s and 171° 
is selected. 

*" ' ' ' ' ' ' ^ - - - T 

See discussion, page 77. 
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TABLE 7 Example of a Class 3 Decision and the Corresponding 
Maximum Likelihood Decision, input 12 m/s, 15° . 


SPEED DIR. 

BM 3 

DIFF. 




12.46 12.95 

11.74 

-, 72 - eliminated 




13.00 178.84 

12.51 

-.48 




13.00 181.18 

12.35 

-.65 




12.47 346.49 

13.49 

1.02- eliminated 




CANDIDATES 


BEAM 1 BEAM 

2 

BEAM 

3 

13.00 178.84 

.48 

1 14.02 1.02 1 15.10 

2.11 1 

11.85 

1.14 

13.00 181.18 

.65 

1 14.02 1.02 1 14.96 

1.96 1 

11.85 

1.14 

SELECTED 2 

3 

eliminated 




CLASS 3 12.5 

12.9 

no tests passed, all four 




13.0 

178.8 

still possible 




13.0 

181.2 





12.5 

346.5 





CORRESPONDING 

MLE VALUES 




MLE 12.1 

12.0 

.270158+00 




MLE 13.3 

182.5 

.123335-03 




MLE 13.3 

182.5 

.123334-03 




MLE 12.1 

12.0 

.270158+00 





MLE 12»1 12»0 »270158+00 Selected solution from MLE. 


Note that two of the Class 3 decisions could be selected as more 
probable than the other two without the aid of the MLE. Both would 
have been incorrect. 
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TABLE 8 Example of a Class 4 Decision and the Corresponding 
Maximum Likelihood Decisions, .input 12 m/s, 165°. 


SPEED 

DIR. 

H 

POL 

H POL 

H POL 



BEAM 1 

BEAM 

2 

BEAM 3 

11.33 

8.88 

9.72 

1.61 

8.47 

2.86 1 

1 1 .87 .-54- 

11.34 

350.88 

9.72 

1.61 

9.40 

1.93 

11.90 .=54- 

11.88 

180.00 

11.71 

.17 

10.77 

1.11 1 

12.06 .-L8- 

CLASS 4 

11.9 

180.0 

SELECTED 

SOLUTION 



CORRESP0NDING MLE SOLUTIONS 




MLE 

. 11.0 : 

345.0 

.584267-03 



MLE 

11.0 

345.0 

.584266-03 



MLE 

11.7 

171.0 

.22755 

3+00 




MLE 11.7 171.0 .227553+00 SELECTED SOLUTION FROM MLE 



Class 5, (3 V Pol Pair Solutions) 


Table 9 shows a Class 5 example. The smallest difference in 
each row is eliminated. The input speed and direction were 12 m/s 
and 0. The two differences for one of the two legs of the "V" 
part of the "Y" are less than all of the other differences for 
the other branch of the "V" and for the base of the "Y". 

This candidate solution is selected as a unique Class 5 solu- 
tion. 

The MLE solutions are found by starting from the three V pol 
solutions. There are only two and the one with the largest MLE 
is correct but 13° away from the input value. 

Class 6, (3 V Pol Pair Solutions') 

Table 9 also shows a Class 6 example. The input was 12 m/s at 
0°. The differences for the "V” part of the "Y" are less than 
the differences for the base of the "Y", but those for either side 
of the "V" are not both less than those for the other side of the 
’•V”. The two solutions for the "V" are listed as Class 6 solutions 
without choosing which is correct. 

The MLE solutions are found as before. There are two that sur- 
vive and the one with the largest MLE is 0.1 m/s too low and - 3° 
away from zero degrees. 

Class 7, (3 V Pol Pair Solution) 

Table 9 also shows a Class 7 example. None of the require- 
ments for Class 4, 5 or 6 solutions are met. All three of the V-Pol 
solutions are listed as a Class 7 Solution. 

The MLE solutions show that there are only two maxima in the V-x 
field, and the selected solution is close to the input speed and di- 
rection of 12 m/s and 15°. 
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TABLE 9 


Examples of Class 5, 6 and 7 Decisions and the 

o 

Corresponding Maximum Likelihood Decisions,, input, 12 m/s, 0 . 
CLASS 5 SPEED DIR. H POL 1 H POL 2 H POL 3 


11.79 13.67 
11.81 345.78 
12.38 180.00 

12.23 

12.24 
14.37 

.44 

.43 

1.99 

11.62 

13.46 

14.48 

.17 

1.65 

2.10 

•12.26 

12.36 

12.73 

.47 
. 55 
♦ 3 vj 

CLASS 5 11.8 13.7 SELECTED SOLUTION 

CORRESPONDING MLE SOLUTIONS 

MLE 12.0 13.0 .495509+00 




MLE 12.0 

13.0 

.495509+00 




MLE 13.1 

183.5 

.371943-03 





12.0 13.0 .495509+00 SELECTED SOLUTION FROM MLE 


CLASS 

6 

SPEED 

DIR. 

H 

POL 1 

H POL 2 

H POL 

3 



11.93 

10.49 

11.86 

.07 

11,30 

,62| 

11.48 

.45 



11.94 

349.18 

11.87 

.07 

12.66 

.73 

11.52 

.41 



12.44 

180.00 

1 14.03 

1.59 

14.05 

1.60 

11.74 

.70 



CLASS 6 11.9 

10.5 









11.9 

349.2 

SELECTED 

SOLUTIONS 






CORRESPONDING MLE SOLUTIONS 
MLE 11.9 357.0 .731221+00 






MLE 

11.9 

357.0 

.731221+00 






MLE 

12.8 

180.5 

.251710-03 






MLE 

11.9 

357.0 

.73122 

:l+00 SELECTED SOLUTION FROM MLE 

CLASS 

7 

SPEED 

DIR. 

H 

POL 1 

H poi, 

2 

H POL 

3 



11.89 

11.61- 

11.65 

.24 

12.36 

.47 

12.10 

.21 



11.90 

347.98 

1 1 . 66 

,24 

13.97 

2 .07 

12.16 

.26 



12.42 

180.00 

13.79 

1.36 

15.27 

2.84 

12,44 

.01 



CLASS 7 

11.9 

11.6 









11.9 

348.0 

NO DECISION 







12.4 

180.0 








CORRESPONDING 

MLE 

SOLUTIONS 






MLE 

11.9 

13.5 

.653080+00 






MLE 

11.9 

13,5 

.653080+00 






MLE 

13.1 

185.5 

.55749: 

2-04 





MLE 11.9 13.5 .653030+00 SELECTED SOLUTION FROM MLE 


- 98 - 


Class 8/ (2 V Pol Pair Solutions) 

Table 10 shows two Class 8 examples. The input was 12 m/s 
from 0°. There are two V Pol solutions 180 degrees apart. The 
3H Pol measurements yield the values and differences that are tabu- 
lated and the smallest differences in each row is excluded. If 
both remaining differences for one solution are less tha those for 
the other, this V Pol solution is listed as a unique Class 8 
solution. The Class 8 choices are both correct. 

The MLE solutions show that there are only two maxima in the 
V-x plane for each example. In the first example, the MLE choice 
is correct. In the second, it is incorrect. 

Class 9, (2 V Pol Pair Solutions) 

Table 10 also shows a Class 9 example. The four differences 
involved in the decision do not satisfy the requirement for a Class 8 
unique solution. Both V Pol results are listed as a Class 9 result. 

There are two MLE solutions. The maximvim MLE is correct, 
and the wind is 0.2 m/s too high and - 7° from zero degrees. 

Summary Description of the Classes for the Objective SCATT Alias 
Removal Aigoritnm. ! ~ ^ . 

The examples of the nine possible classes and the calculations that 
are made to Select each class have been described above. These classes 
are summarized below. 

Vat:ical polarization backscatter values for beams 1 and 3 are used 
to find vector winds from these two measurements. This will yield 
either 4,3 or 2 solutions. The vertical polarization value for beam 2 
and the three horizontal polarization measurements are then used to 
decide which one of the 4, 3 or 2 solutions is the correct wind if 
possible. The decision that is made falls uniquely into one of 9 
possible classes for each Monte Carloed set of 6 backscatter measure- 
ments. The 9 classes are defined as follows: 
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TABLE 10 


Examples of Class 8 and Class 9 Decisions and 
the Corresponding Maximum Likelihood Decisions, input .12 m/s. 
from 0°. 


CLASS 8 

SPEED 

DIR 

H 

POL 1 

H 

POL 

2 

H 

POL 3 


11.95 

.00 

1 12.37 

.43 

1 11.72 


.23 1 

11.45 

.50 


12.-18 

180.00 

1 14.66 

2.18 

1 13.98 

1 

.50 1 

11.45 

1.03 


CLASS 8 11 «9 ,0 SELECTED SOLUTION 


CORRESPONDING 

MLE SOLUTIONS 

MLE 

11.9 

358.5 

.402803+00 

MLE 

13.0 

179.5 

.126505-05 

MLE 

11.9 

358.5 

.'402803+00 SELECTED SOLUTION FROM MLE 


SPEED DIR. 

H POL 1 

H POL 2 

H POL 

3 

12,17 .00 

12.63 180.00 

1 11.39 
1 13.59 

. 78 1 
.97 1 

11.58 .59 

13.83 1.20 

1 12.30 
I 12.30 

.14 

.32 

CLASS 8 12.2 

.0 

SELECTED 

SOLUTION 



CORRESPONDING 

MLE SOLUTIONS 




MLE 12.0 

9.5 

♦ 348446 

1 

o 




MLE 13*0 183,5 ,368756-01 

13.0 183,5 .368756-01 SELECTED SOLUTION FROM MLE (INCORRECT) 


CLASS 9 

SPEED 

DIR. 

H 

POL 1 

H POL 2 

H 

POL 

3 


11.88 

.00 1 

11.79 

.09 

11.56 

.32 

' 13.74 

1 

.86 


12.43 

180.00 1 

14.03 

1.60 

13.81 

1 .38 

13.74 

1 

.31 


CLASS 9 11.9 .0 NO DECISION 

12, A 180.0 

CORRESPONDING MLE SOLUTIONS 
MLE 12.2 353.0 .196311-01 

MLE 13.0 178.0 .186137-03 


MLE 12.2 353.0 .196311-01 SELECTED SOLUTION FROM MLE 
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Four solutions: I£ vertical polarization, beams 1 and 3 gave 

4 solutions. 

CLASS 1 A single vector wind is picked uniquely. 

CLASS 2 The correct wind is one o£ two vector winds listed, and 
the £irst one listed will usually be the correct wind. 

CLASS 3 No decision among the £our solutions is made 

Three solutions: I£ vertical polarization, beams l^and 3 

gave 3 solutions, one o£ them will be at 0 ,^90 , 180 , 
or 270° relative to beam 1; the other two will be at 
180° ± 6 , 270° ±6 , 0° ±6 and 90 ±5 relative to 

beam 1. 

CLASS 4 The 0, 90°, 180° or 270° direction and the corresponding 
Speed is picked uniquely. 

CLASS 5 One o£ the 180° ± 5, 270° ± 6 , 0° ±6 or 90° i 6 direc- 
tions and the corresponding speed is picked uniquely. 

CLASS 6 Both o£ the wind vectors, not at upwind downwind or cross- 
wind, are picked and no decision is made as to which is 
correct . 

CLASS 7 No decision can be made and all three wind vectors are listed. 

Two solutions: I£ vertical polarization, beams 1 and 3 gave 2 ^ 

solutions, the two solutions will either be at 0 and 180 
or at 90® and 270 . 

CLASS 8 One o£ the two solutions is picked uniquely. 

CLASS 9 No decision can be made and both solutions are listed. 

Discussion 

The selection o£ candidate solutions by means o£ these objective 
criteria is accomplished by means o£ direct uniquely de£ined calculations 
that do not involve any search in the V-x plane £or MLE estimates. 

0£ the 9 classes. Classes 1, 4, 5 and 8 yield a unique wind speed and 
direction (which may or may not actually be correct). Classes 2, 6, 
and 9 yield two wind speeds and directions. For Class 2, the First 
solution listed may prove to be the correct one more o£ten than the 
second. Class 7 yields three wind speeds and directions, and Class 3 
yields Four wind speeds and directions. 
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If for a given area of the ocean, there are enough Class 1, 4, 5, 
and 8 solutions that are correct, and if then one of the two solutions 
for Classes 2, 6 : and_ 9 is correct, the unique solutions can be 
used to pick the correct solutions from the pairs. The resulting 
field of unique winds can then be used to select the correct solutions 
from the remaining triplets and quadruplets so as to determine a 
complete wind field. It is concievable that all this can be done with- 
out the additional complexity of computing any MLE's. 

The Monte Carlo simulations that follow indicate that the MLE 
solutions are correct more often than the objective results and have less 
scatter. This may prove to be an artifact of the Monte Carlo pro- 
cedure. The objective technique should be kept as an independent 
reserve procedure because it might prove to be less sensitive to an 
exactly correct model function than the MLE method. 



THE MONTE CARLO SIMULATIONS 


Description 

Twenty-eight Monte Carlo NOSS simulations for both the Objective 
Criterion technique and Mjiximum Likelihood Estimations were computed 
for various combinations of winds of 4, 8, 12, and 24 meters per sec- 
ond, for incidence angles of 29°, 39°, 49 and 53.5 and for 1 cell, 

5 cell and 25 cell averages. For two simulations an additional ran- 
dom error of ± 0.7 db was added;* The wind direction was varied in 

15° steps from zero to 345°. Each speed and direction was done for 
SO cases. The result was a total of 33,600 simulations from which 
inferences of the results of 12 million SCATT measurements per day 
can be made. for the assumptions of the model. 

Also a run was made for one degree wind direction changes from zero 
to 47° for a 10 km cell at a 39° incidence angle for a wind speed of 
8 m/s. This run shows the variability of the coarser 15° resolution dat 

For each wind speed, wind direction, incidence angle and number 
of cells averaged, two tables were prepared, one to summarize the 
results of the objective criterion method and the other to sijiiimarize 
the MLE results. Also the results of each MLE set of 50 values 
was summarized as a scatter plot and in terms of regression equations 
and correlation coefficients. All of these results are given in a 
large separate data appendix. Explanations of the various tables that 
were generated will be given, and examples will be discussed in the 
following pages. Then various summaries will be given, followed by 
some conclusions about the winds that will be measured by the SCATT 
on the NOSS. 

The computations consist of 28 combinations of the various 
parameters of the system. A check mark in the following table shows 
the values of the parameters that were selected. 

* 

See page 233 

4 . 

‘ See Appendix E 



TABLE 11 The Parameters of the Simulation 

(An asterisk shows an additional run with ± 0.7 db 
added random error) 


ND SPEED (m/s) 


4 



8 



12 



24 


MBER OF CELLS 

1 

5 

25 

1 - 

5 

25 . 

1 

5 

25 

1 

5 

25 

CIDENCE ANGLE 
29° 

/ 

/ 


/ 



/ 



/ 



39° 

/ 

/ 


/* 



V* 



/ 



47° 

/ 

V 

/ 

./ 

/ 


/ 

/ 


/ 



53.5° 


/ 

/ 


/ 

/ 


/ 

/ 


/ 

/ 


The Basic Computational Set 

The basic computational set consists of an input wind speed, a 
diosen incidence angle and the number of cells averaged. Fifty simula- 
tions were done for each 15° change in wind direction. Tables 12A 
through 12L show the calculations for 1 cell, 12 m/s and an incidence 
angle of 29° for beam 1. A data appendix repeats this table and the 
27 others similar in form. (Appendix H, given separately). 

Table 12A is for 0° and 15°. The top two are for 0°. For 
the selection by objective criteria method for an input of 12 m/s 
and 0°, there were 1 class 1 solution, 29 class 2 solutions, 6 class 
4 solutions and 14 class 8 solutions. Classes 1, 4 and 8 are unique. 
Class 2 is treated as unique, and needs careful interpretation. 

The class 1 choice was within ±45° of the input and was cor- 
rect as shown by the 1 (1). The first choice for all 29 class 2 
solutions was correct as shown by the 29(29). Similarly, all class 4 
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solutions were correct and all i 14 class 8 solutions vere correct. 

The average wind speed, the average direction, the RMS speed 
variation and the RMS direction variation are given below the 
number of cases relative to the input, speed and direction. Classes 4 and 
8 were exactly at 0°. 

The MLE search was started (probably expensively) at all solu- 
tions that came from the V Pol pairs. All solutions were correct 
(i.e. within ± 45^) of the wind direction.* Both the objective 
method and the MLE method found 50 correct solutions. • ;Near 0?, 
the RMS speed and direction errors are smaller for the MLE solutions 
than for the objective method by 3° and 0.1 m/s. 

At 15°, the objective method has 3 class 3 solutions. It could 
not decide on a "correct" speed and direction. Forty-seven out of 
50 were unique and correct, with the first choice for class 2 correct 
every tima -One of the four solutions , of each of the class 3 cases was 
correct. 

At 15°, the MLE method found a unique correct solution (even 
the 3 class 3 Cases) for all but the set of data that corresponded 
to the class 8 objective method. For this case, the MLE solution 
was hot correct. (A secondary maximum might have been correct, but 
this was not checked). The RMS statistics are again somewhat better 
for the MLE. 

For Table 12B, at 45°, there are only four solution cases for 
the objective method. For 13 cases no decision could be made. For 
the remaining 37, 5 were unique and the first choice for a class 2 
decision was correct for 31 out of 32 occurrences. In the sums on 
the far right, the first choice for a class 2 solution is treated 
as unique. Thus there are shown 36 correct out of 37. This inter- 
pretation is not the only one that could be made. In a field of wind 
vectors, the second choice will be correct and would obviously be 
selected. The 13 class 3 cases do not represent errors. They re- 
present "don't know" for the objective method. 


As a yes or no criterion, the errors are actually much smaller. 
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For 45°, the MLE method missed 7 out of 50, consisting 
of 2 for conditions that correspond to a class 2 objective case 
and 5 that correspond to a class 3 case. When the objective method 
could not decide, the MLE missed 40% of the time. 

The tables continue with the final one at 345 . There were 
734 out of 1200 uniquely selected winds from the objective method 
of which 700 were correct. Of the 34 incorrect unique choices, 

25 second choices for class 2 were correct. There were no class 2 
pairs for which neither wind was correct. The MLE method picked 
1137 vector winds correctly. 


- 106 - 



w 


4 


u • o • • • 

ui • m 
oe • — — • 
o: ♦ o 
o # m 

u • 

♦ 

w • 


^ o ^ ^ 

u • ‘ ‘ “ 

■« • — 


«n 


C 4 


o • 


9 • 


O 

X 


•dt • — 

r> • o 

9 • lA 


o 

X 


X • o 

9 # 


X • 

I> • »* 




V* • — O «A r« «n 

.j • o • • • • 

< # lA » . U> 




B 0 B e a 


o 

lA- 


iT* * • • ■ • • • 


o • o 

• tA 

• 

« 


. o 

<A 


:«A • «-» i» CM «n 

.J « O • ♦ • 

^ • lA «• 9- 9 

O • 90 




« 


9 

• • o 

B •• 

• CM lA 

• -• 




« 


a^ • * 

• B • B a • 


• ^ o -• < 




• • t B a 


• — — 

• — B 

• 9 

• ^ 


♦•0 

# 


• 




« •- 

»« w # 

X ^ ♦ 

u o • 

vt • 

^ • 


• • 


. ^ • 


acta 




r** ♦ 

• B 


a B B B 




X -I 
XJ o 
(A 


' • 
■ • 






•« •. a a a a a 


X 

o 


lA • 

; • 
♦ 




•« • 
X •■ 

u ♦ 






Ul 



> 

< 


— 

CM 


a- 

t-l 


u 



Ul 

U) 

•J 

CO 

0 

*> 

A 

0 

< 

• • 
CM 

>- • 
A 


0 

X 


• 

0 


CM 



9 C 




Cl 


0 

u 


• 

-1 


#> 

Ul 


CM 

va 


Ul 

. >► 


• —CM 

• • a 


« • a a a a 


^ ^ . 

Ul • 9 • a a a a a 


¥% ♦ 

M • 

a- • 
^ • • 
X • 

— lA • 




til 

bJ 


til 


CM •- •aaaaa 


o • 

o • 

o • 

,x ♦ ■• 

# 

J 9 • — o— — M) 

Ul • 41 • • • • 

^ • CM fM Cl 

•• ♦ — a 

-a . • ^ 


O 

>- 

CO 


X 

o 


^ *A *A r*» 

• • 

• <M ® 9 


O • . 

O • 

o • 

X • 

M • 

-19 • 

Ul • a 

w • 


a a a B 


KJ 
• yj 


♦ o 


-a • 


r 

=> 

c 


«• — 

«M • o t a a 


X • 

< • a 


a a a a 


• 9 * 

• IM 

• — ’ 

• O 


— A # ^ 

CM # o a 

9 • - 

• •' -o 


X • ■ 

♦ 

X • 

— • 

X • — 9* r- ' 


a a a 


o 

9 « 


• — ' 


w 

X 


• • tm, mm t 4 ^ 

■<•€►•••• 
r4 • fM CM <M O 

• «> — a — 

• 9 


CM • — O »*> CM 9» 

# O* • • ♦ • 

# CM CM a m 


• 9 ^ 

• M 


« • • — ^ • 

CM • CM — ' 

♦ 

• CM 


• «» o lA CM 

• CM CM n 9 


il 

i - 1 
{ 

'• I 

d 


ii 

1 


• ^ 

• CM 


# « <9 —Ml 

• — CM CM 


-•«->« O CM O 


• # — O 9 > At O 

— • O • • •■ • 

• CM CM lA 9 


— • — 9* lA CM -O 

• O • • • • 

• CM »A A> 


« — 
# 


• O 


mM 

W 

Cl 


.a K « «A VI 
O ^ X X 
in o A cc oc 


-a • 

u • 


« > K > X 



















































A lA 

VI 


-J 

X 

X (A 

VI 

VI 


-a X X 

VI 


0 

X 

X X 

r 

VI 


0 X X 

X X 

X 


VI 

A 

A X 

X 

X 


AAA 

X X 

-f 






-a 



> X 

Cl 


9 

> 

X >• 

X. 

la 


a >“ X 


• O 

• ca 


VI • -a oc « VI tA 
VI • O X X X X 
X • VI A A X X 

-a • 

Cl • « > X > X 


- 107 - 


X * 


o 

o 


o 

in 


o 

■ ( 


CQ 

CM 


cr o 
VI . 


ua 

.j 

CO 


tt. • 

in 


> 


o 

o o 


o* 


O Z 

• O 


f« »- 

o w 


lA CD -^ fs. 
O ♦ K. • ♦ • • 

W • — *-• «M 

ac • — V" 
oc • 


: j 
• i 
i 


O V 


o 

X 

K 


w • — • 
^ • o 
or • in 




• • i • • 


• • • ft • 


• t f ft ft 


X 

o 


ft ft ft ft ft 


«n 

yi . 


o 

o 

o 


— l/» 5 “ o 

• 

fX V* 


-J r 

Ul 


X 




9 0 ^ a* 9 O' 

xr>»— OCX— O 


-o 

CM • O • • • » 

■fti • • 

Oi 

in 

• •fx — — 

£ « rx rx 

* 


• rx — 

ft — «A 



• cx 

ft 9 


- o 

• 

ft 

4A 

(A 


ft 

X 


• 

ft 

■< 


• 

ft . . • 

w 


• 

ft 

aft 

a 

• a «-> 9 in a* a- 

rx ft — — O* *A lA 



^ • (X • ♦ • • 

ft rx ft ft ft ft 

< 


rx .ft rx — o o 

ft rx <x ft- rx 

ft- 


• «A 

ft — fX 

w 


ft — 

ft rx 

X 


ft IX 

ft (X 

ft- 


ft 

ft 

o 


ft 

ft 

• • 


ft ' 

ft 

Oft 


ft ft — — fx fX lA 

•• ft -« ft- lA rx 9 

«• 


«* • «* • • « 




ft rx rx ft- rx 

ft rx »• ft> — 

o 


• ft rx- 

ft — rx- 

VI 


ft -« 

• -• 

VJ 


ft rx 

ft rx 

a. 


ft 

• 

Vft 


ft 

• 

o 


ft 

ft 

ft 

z 


ft ' 

• 



tn ft _ioc oc in in 

m ft ^ or or in m 

X 


(Aft o ^ < X X 

in ft o 9 «c X X 



< ft in flo 9 Qc or 

9 ft 4A 9 0 QC or 



-i • 

^ ft 



VI ft • > X > X 

VI ft « >■ Xft- X 


— O €► IH ^ 

o • ♦ • • 

lA rx <>« 


Z • ftx 

• • 

o ♦ 1 ft ft ft ft 


o 

X 

oe 


o • 

Vft 

Oft 

«• ^ 

9 • t« 






• ft ft ft 




• ft ft ft ft ft 




X -l< •. 

o o ♦ 

in • 

•c ♦ 

— r> • 

oc • 

Ul « • • 

•ft- m • ft ft ft 

d: • 

KJ ♦ 


■X 

Wl 


•Vi 

>• 






*> 

<D. 

O 


in 

Ul 


' o 
o 
o 
X 




• ^ CO 9 <M 

• - — — o 


Ul 


VI 

Ul 


• <-> 

• 


=> 

X 


«»CO« lAV 

0^*0 •• •• 

lA • - IX — 

• <x — ^ 

-J ♦ 

o • ^ 


X < 

«c 


•< • fX 

rx • o 
• ^ 


a- — rn, ® 

» ♦ • • 

— m IX 


• e% 

♦ 


V 

'• 

• • ^ o- — a- m 

m • 

• — . O IX 


• «A 


(AO ^ .*k* CC (A (A 
(A • O ^ XX 
« O (A t • 9 oc oc 


V> O « X > 1 


— 0> eo r* €► 

O • • • • 

«n V* — 












— O o o a- 

<A • • • 

— IX »A — 


— O' x> *-> O 

IX • • • • 

O — IX 

— ' a- 

o 


^ O in IX r 

in - » • 


-I oc or 
o -t ^ 
m 9 «9 


« >. X >> X 


108 


RhS 

RKS 




ij • 

o • 
u • 


I-.,# ^ ^ at 

U • 'O • • • • 

^ — — *7 

ct • ® •* 

X • -^ 

o • 
u • 




:> • o 

<F • in 
•• • — 
ar • w 

• 

« 


o 


Ul 

r> 

9 


« 


• — o O f>* IX 
J » o • • • •■ 

< • Ul (« O - <X 


«J • 

O • ' 
0 %» • 

n* • 

• • • 

9 # • t 


O ♦ »“ 


o 

in 


• o 

• lA 

• ^ 

• M 

• •» c^* o in o 

• ^ o in 

9 ^ ^ 

• 


»A • ^ < 

^ • O • • • 

^ • m -o 


.»- • a- 


• • • 


• f • t • 


« 
• • 


«• #— •:rO'«o 

CO •• •— » • tL‘ 

• ^ o at 


9. • •- »i* <0 n <0 
• ,*1 ,••♦•• • 

• r 4 CO *n 

9 h*' 

• rt 






• • • • 


• o> • ^ 0 — 0 

• — -o — 


> — • 

o • 






‘ rt ••»•«• 




M •>» • 


X ^• 
• 00 
m 


X -•• 

o o 
«n 


••r* • 


U 

CSI 


w « • • ^ ^ 

•- 10 # • • » • 

•« • 


oc 


a 

CO 


• 

X' • 
%J • 

• 

in • 
10 * 
»- • 




ec • 

Ul • * * 

r> in • I 


ft » » i 




K 

cr 


X 

u 


bl • 


•- •• 


«c • 


• • 

a* ♦ 


X ■ • 

»«in • 






u • • 

uj a* • 


o> O m o 


X • 

— Ul • 




cn 

o 


— o 
• — — ^ 


o 

>- 


o 

o 

o 

X 


o 

ft-: 

Im> 


o 

• • 


r» • -’■® 

#»•••• 

• «*<-— fl) ^ 

• ^ in 

• o 


J 5 T • 
UJ • 

i£ • 




Z 

O 

►- 

o 


• o < 

♦ f*4 — ' 


o 

o 

o 

X 


. ^ o* ^ a* 

UJ . • *n • • • • 


• — 

• (X 


ta- 

in 


X 

z> 

X 


Ui 

lA 


in 

X 


o ^ • o ft 

»n • - 

^ • 9* 

-J • CM 

O • 

m • o 




• ft ft 


• O 

• ^ -0 

• -• 


^ C«» • O ft 
a- • • - 

• <M 

o • 

in • o 


z> • 

X • 

>c n • *—0“ in«nO 


ft ft ft 


• oc — in 


99 • — « 9 *a-® 

rft • rc — o ^ 

• -ft 


CSC • -« — 

ft o* • • • • 
ft tx ni 0- -• 

ft A 

ft 0- 


« • • 
< • 

•M • 


•» o ar *n in 


CM — o 


ft CM I 

ft — ' 


• M 


O 

94 


9 ft —cn -« 

— ft • 

• — o 


^ ft A lA 04 9- 

ft 9V • • • •* 

ft ^ o 

ft At 

ft to 


• ■ ft • 


j Qc oc in cn 

o < ^ X X 

o cO ® ftC ^ 


«A • -I X « VI in 

m ft O ^ ^ X X 
A ft A A 03 X X 


in ♦ ^ X X in in 
ft o ^ X X 
A • m c« A X X 


in • 


m 9 


ur ft • =► X >> •* 


« >• x> X 


> X > X 


_i X X m in 

_ o X X X X 
ft in A A X K. 

ul ft « > X > X 


- 109 


^ m ^ fn X 

u ♦ •* • • • 
. w ♦ 

DC • »• 

O • oi 

U • 

• 

ut m ^ 

3 « O 
cv « m 

X • 0“ 

3 • r* 


^ • M • • 

•« • -• — O 

w # ^ ^ 

_I • M 

o • 

v » • 


tn • -• €o o * X o 

«i • o • • • • 

« m — o ui 

0*0 
h - • UJ 

• •' 


^ A.— O lA 

O • O • • • • 

m • CM r<i 
flC • *- -* o 

oc • — 

o • -^ 

1 / ♦ 

yj • ^ 

3 • O 

or • m 
•-••*— 

X • o 

3 • Oi 


— fs . O »^0 

^ r 

• »• O Uk 

«* * — <h -• 


<n • ^ o- X -« 

^ • o • • • ♦ 

< • Ul -• X •« 

^ — o 

o • CO •• 

I- • X 


• ^ o 

• . f ^ •• •>* •'• 

• -• o 


^ CD o X CD 

' # CM . • • • • • • 

• ^ ^ ^ 

— o *- 

• CH 

# -• 


^ — o — o 


• NO m 

• — p * -• 


^ CD O O 


• » • • » 


ID • •— CO ^ X rk 
0 . m » * • 

• -• CD Ilk 

• w . .Ni CO 


* • • • t 


•n • 

o ^ ^ • 

— N #••••• 






•.-•« • 

• C It t » 

X . • . 


0 0 ^ m o-x 

X •»“••• • 

• — o 

• (h • 


• » t I • 


• • ^ O il > o 

X • N • • • • 

• CX O lA 
0 ^ ^ 

• N 




^ ar « — eoa - oo ^ 
ui • O' • • • “ 

fO 

»• • — O ' 

-J •O' 


fN . N in N 

• o * • • • •• 

• (M <0 *0 

• ^ o 

• O ' -• 

• N 


r X • -» O O in in 

, • fS« • * » • 

• CM 9 %> a 
I • f'c 


CO • ^ 

CMN * 0 > * * * 

rc • • 

w • N 

-I • — 

o • 

in • o 


M ' • 

X ^ « — « 0 F'-XCQ 

X • o* •> • • • 

X • — O ' in 

• — — ® 

• O' 


ID • <*k N < 

^ CM • O • • 

*- • * N X 

• r». — O 
JO— — 

o ♦ . 

in • — 


• — o> o N 

• O' • • •> • 

• r<c — <0 'O 

• o 

• <D — 

• N 


N O' •*« O 


• O — 

• N -• 


m ^ O ^ * 

• • • 

• N 'O 

• W •. o 

• -o — 


• — O CO N <n 

• f " • • • • 

• ^ (X O 'O 

• *- — o 

• <« -* 


— O o 
»-^.o — • 


N m Ilk 

• • • • - • 

« — o 

• ^ , 

• -• 


• • 




m • . ^ DC DC in in 
vk • o ^ ^ X X 
X • in m (D a: q: 
-j ♦ 

o « «>>><>>« 


in • ^ or a: m m 
in * o ^ X X 

« * m CD CD X X 

^ • 

O • • >• X >• X 


tn • _i a: i£ mm 

m • o X -< XX 
^ • m <0 c 3 (X oc 
-J • 

• « > -c 


m • J Of or m m 

in • o < -< X X 

^ « in o tf> oc oc 

^ • 

%j 0 m >• X >• X 


- 110 - 


^ CO,-^ O 

• #*!•••• 
|gl • — ^ • 

oc • ^ 
ae • «o — 

o • -• 
w • 

’ ■• 

w • — 

» • o 
or • w> 

* ae • r^ 


* • . o »* r^ 

V# • * • • • • 

(Ul • <*- W U> ^ 

DC • 

oc • — • -• 

.o • M 
cr • 

• • 

la « 

3 • O 

9 • m 

X • 


« « I • • 


4 ft • — «o o o a- 

«j • o • • • • 

< • U 1 — O C 4 

.»- • — — tsi 

O • O -• 

»- • lO 

* ' • 


— •‘a 

o •»»»•» 


tft 

• o • • ♦ 

•* • lA — U> • 

• 

o • -• 

»-.• 

' # 




04 — 'O • ... 

— o •»§••• 
• • 


• ■•It 


*A • 

— o ••••»» 


X • 

U o 9 

tn • 


u* • • • 

^ . 4 ft • I •* t' • ■ 




OC ♦ 

Ui « • * 

>- tft • 






u • • ... 

Ui «'• •••»■ 


X . • 

^ tft • 




ar • • • • • • 




^ O tft 

• • • • » 

® fo — o ftr 

• CM 




UI • 

-1 ♦ 


O rt*-»' 0 ^tftC> 

, - • <D • • • • ■ 

». ♦ <X -» 3 " ^ 

W • o> •• 

.A • ft* 




~ 03 ♦ 

Ift • - 

»« Oft* 

O • — ' 

tft • o 


^ *o o*ftftr 

^ • • • • 

jj- • O O ft* 


— .m • — coft*ftio> 

Oft* * 0 • • •’ • 

tft ♦ • — ^ 

^ # <« — rt 

^ 

O • 

tft • — 


Xf*> #^ 0 “»-*ftft* 

t # fM — a* ft* 

# — — -n 

• tft • •• 


r<« • — » ® X ^ ^ 

# ft* • • • • 

• ^ O M 

# w. -• r <4 

• ft* — 


• — O tft ft* "O 
k « -• ft* ft* 


• o ft* o 

% • • • • 

• ^ r* tft ft* 

• «ft 

• Ift r* 


00 tft ft* tft 


« # o tft ft! ft* 




• -O -• 


Ift • .joc OC 1 ft tft 
tft • O ^ ^ X X 

«c • Ift o> «> oc oc 

^ • 

L* « « » X > X 


Ift • .i Qc o: Ift tft 

Ift • O « X X X 

« • tft CO CO oc oc 

1 > • • > X > ** 


• J oc oc tft (A 

• O < X XX 

• tft m *D oc X 

I • 

• • > X > X 


tft • ^ oc oc tft *A 
tft • O X ^ X X 

^ • tft *0 A oc oc 



o* • 


a. 


oc 

o 

u 

w 

r> 


• lA 

• -O — 

• r9 

• O 

• u% 


=> • O 


o 




-J 

. o 

(D 

C« 


X 

Of 


^ 

^ • o • • • • 

< • «A O <>* 

►- • — —i . 

o • 'O — 

►- • ar 


« o *-i a 
v> * «■ • •• 

^ • r I €S4 ^ 

fiC • • • •• 

o • 
u • 

- • 

u • — 

=> • o 

or • iA 

Z • lA 

3 • r> 

• 

•- • 

• ..» C>4 O 
0> •€>«•• 

• *Si O 

^ • — * — <o 

^ • esi — 

a • 

40 • 

C4 • 


• X 

» « 
O' 








I « • — O 

ca •• ••o . • • ‘ 
« — o 


z o 

• • ' 

lA 


O 


*A « ^ O -• < 

-J • O • • • 

• iO Of ^ < 

0*0* «-• 

• X 


0» • — O' o ^ 

• «o 

• Oi — 

o 


• • • • > 


iL. 

tu 

CO 

< 


o 

lO - 

— o 

• 

X ^ 
0.0 
40 


• Still 


c 

U I 


li 

u 

•> 


o X 

•> o^ 


o 

o 4J 

• • ^ 

o> l*i 

r« to 


• • 

40 .* 




• • 

X • 


• till 




»S. • 

• I I I I t 


o • . . 

lA • 

«« . • 

» 'O • 

^ •Stitt 
X • 

o . • 

• • 

to . • 


^ • 

X • 

^ lA • 

' ^ ••ISIS 


O 

o 

o 

X 




^ ^ia • «« — 04 fM 

• • r4 tO O 

X -J* • rt . — 

• O O -• 

to . • 


^,1 «d€0 o<o 

.s- 

•.« • . r«4 oi O 

a: • — — — 

4-t — 


• r" CO 00 40 

• • . » • 

• — O 

• «« *« 

• «o -• 


o 


^ • ^ o> «0 cO ^ 

• CD • • • • 

• ^ ^ O 04 

• •» — 


40 

r 

< 

Li 

O 

< 

s- 

LJ 

X 

S- 

o 


O • 'O r- 

O Oi • O • • • • 

m • -— co X 

— ■ • X 

j • rt — 

o • — 

to • 04 


• 04 — — 

• — «— 40 
« lA — ' 


• • — t>, fX ro rv 

,-«•• »o* * ^ ^ 

• ^ O — 

• ^ M (O - 

• lA — 


t r II t . 


r • 

X • 

»» • 

x#0 • — O' 

< •«>•••• 

X • — — O O* 

• — — CO 

• to <— 


/SI • — O CO 04 « 

• o*> • • • • 

• fSt 04 0> 04 

• — — X 

« <• . — 

• <M 


— > • — 0> X Of «0 

• tO • • •• • 

• — O 

• 40 

• iO — 


t-> 

UJ 


to 

o 


«) 

o 


• KJ 
Ui 




•o • — « O r» o- 

• O * * • “ 

• ^ Of — X 


.«» cn • ^ fs, • 

® Of • O • • • 

m — o 

— • — • -A 

^ • Of — 

O • ^ 

to • ^ 


• CO a* 

• <M • • » • 

• 04 04 r» o 
























to 


'O 


mm 




m 'O 

• — 04 #n <-> — 

mm 

• 40 m- m m » 

X 

• 04 ^ CM 

V 

• — — ^ 
• r> — 

to 


ta 


s- 


X 


X 


— to 

• — «o o — O 



to 

I ^ rs. CM 

Ui 

• •* •• o • 


• mm mm 

c% 


o 


o 


X 


mm 


-J X 


Ui 










X 


r> 


X 


mm 


XO •*— 0c004*0 

X 

^ Q m m m m 

X 

• — 04 a- — 


• • « O' I 


• — 04 

« w — -o 


• ~ O *o m O 

• 04 • . • • • 

« 04 04 U\ X 

• -^ — 'O 

• CM 


• *^ O' in *n ^ 

• -• lO CS* 


o 

Z' 


40 • ^ X Z \0 to 

to • o ■< *'4 a: X 

^ • to cr* o: fic 

^ • 

W • IS > X > X 


to • _j a: oc tn to 

to *0-4 ■< r X 
^ • to 03 S3 X QC 


CO • ^ X QC to to 
to • O X X XX 
4. • LO CU A X IX 

^ • 

O • M >> X >• X 


to • j X d: to to 

to • o X < r X 

«< • 40 CO (D u: 3C 

^ • 

O • • >► X » X 


t ^ 


u 


• — 4A 

• CD * • * • 

• O ^ 

• «« «« O 

• «0 — 


^ ' O r*« o O 

O • < • » • • 

la • r v* » 'O 

O • a- 


o 

r< 


i ; 



U ft — 





:> ft o 


a 



or ft 0 


o 



»— ft. » 


X. 



ac ft 0 


X 



z> • t% 





ft 





ft 




0 

— ft — — o — 


0 

• 

X 

.0 ft CM ft ft ft 

t 

-1 

• O • 

o 

CM ft CM O 


X 

ft 0 fM 


ft «-— • 0 


1 - 

ft — 

o 

U ft CM — 


Q 

ft 0 


O ft 


. H- 

ft X 

ia« 

0 ft 




ft- 

ft 




0 

CM ft 




o 

ft 





• ft ft — M O 0 


ft- 

• ^ •-» 


0 ft .»••••. 

I 


ft CM ■ •• 


ft CM CM O 



ft CM 


ft — 0 



ft — 


ft r> -• 



• CM 


ft CM 





ft 





ft 





ft 





ft 





ft • . 


0 

ft •— — 



I 


m ry • 


‘ft 



ft CM CM 


ft 



# *— — • 


ft 



ft m 


ft 



ft CM 


ft 





ft 





ft 





o • . 





0—0 • — — — CM 

O 

Cm 



— X • CM • - • 

• 


• 1 1 


ft • CM 

CM 




. • w — r- 





• 

la # — 
3*0 
or • iO 


ac # 

3 • a" 


■ 

o 

X 

OC 


r 5 
i. 'i 


o o o 

tn • • r 

• CM O i/\ 
^ • — — 00 — 


— o m CM 0 “ 

o * • 

y 


o 

lA 


o 

>- 


&/) CM ^ 

«M» 9 > 

O — 


• • ~ o o *n o 
C 0 *«a'>* ♦••-•• 
ft CM O i/) 


ft r\ ^ 

ft ‘ 
ft 


r«k - ft <o o CM o 


ft -« in o 

ft ^ ^ CD «-• 


in 

o- «>**ft ft 


I • • II 


O 

CM 


X -J • CM - — 

U O ft 

inr • 


ft 

OC ft 


O • 

CO « 

ft 


ft 

;X -*• ft 

VI O ft 

irt ft 


in 

ft- 


lU 

ca 

< 

H 


ft- in • CM 


ac 

VI 


ft ^ 

ft ^4 -• 


•O 

• • 

9 - 


VI 

Uf 

“> 

CO 

o 


>- 

0 


» O r>ft— cMft»\nin 


0 O 

B * 


•— 

0 

• X 
vr 


0 

WJ 

*~ 


X 

•. X. 


»-■ 1 

■ *% 

»~ 

0 

UJ 


o 

o 

o 

X 

0 0 

-* 


— CM o CM X 

CM • • - • 

CM m in 


oc 

LU a ft 

f- »n 


f I I » 


a: 

VC 


X 

1 > 


v> 

VJ 


X 

— lA 


ft CM • • • • 

ft CM CM 0 

ft w -« ft- 

■ft CM . 


O 

o 


CM 

CM 




ft CM X in 

ft ^ ^ — 

ft 0 


O ^ft— OCMXO 

— ft ^ • •• • 

*_ ft . CM ft- 

VI ft — — o 

ui ft M> CM 


u 

(A 


X 

r> 

' X 


X 

3 

X 


— 0 ft — 

•« CM ft O I . a I ^ 


XCAft — .CMft-riX 
X ft CM CM — 

ft w «• 0 

ft -o — 


— 0ft—*. 

XCMftO I I I I 


0 

X. 


o 

0 


o 

0 


ft — ’ 

ft o 
ft 


— CM — . X in 


CM ft —CM < 

ft ^ < 


CM ft O cn CM 

ft CM ft ft ft ft 

ft ^ CM O* 0 


UI 

X 


lift ft — — oc >10 

^ ft X ft ft ft ft 

CM • — CM *0 cn 

ft — o* 

ft X — 


ft — 
ft 


ft ft — o* 


0*0 — 0 

— o o 


ft — ft* 0 CM O 

ft X • ft • ft 

• CM — in 0 


»•— • 
• a: 

ft CM 


V 

0 


O 

X 


0 

•< 

o 


_j a: ir m m 
o ^ X X 


0 0 0 oc 0 
ft >■ X > X 


.0 ft X X 0 m 

0 • o ^ X X X 

^ • 0 0 0 X QC 


0 ft J X X 0 0 
0 ft O ^ ^ X X 
ft 0 0 0 X X 


> X > X 


U ft a >- X > M 


— X 0 X 0 
CM 0 0 


•— -CM 0 C*> -0 

X • ft ft ft 

CM 0 »• 


— o o 


CM O 0 

M *-• o 






• III! 


CM 0 

— o* 


— CM U*l ^ 
^ — o> 


— o 1 ^ ' 

X - • ft 
CM CM 0 


X X 0 0 
o X X X X 
0 o 0 X X 


> X >- X 




SCUtCTlON BY OBJECTIVC ^ | "q J ^ 


u 


%. • ««0 • ^ v' 

U • '<0 • • • •■ 

w • ^ o 

•C • -’-• — 
oc • m 

o • 
u • 

• 

w • — 
d • o 
cy • in . 

z • ^ 

^ • r% 


« • I • • 


IH ■ 
O 


■ 

o 

X 

X 


. m • o ^ ^ 

-j • o • - • • 

«< • vn <M o 


^ 0 ^ — y •- 

w • fH • ♦•• 

Ul • ' 4 in M 

OS • ^ — fM 

OS • — • 

o • <n 

u • 

• 

bj « 

=> • o 

C7 • m 
Z • 04 


«• o> • 

a • 


e • • • » 


■ 

o 


(A # o o a* 

^ • o • • • • 

^ • in — i/) f>* 


< 

o 


o 

in 


4» « ■ • 


» » • i 


• I • » 


O 

lA 


O •• •• 

♦ 


I • • • 


o- • 

* if • 


• • • 


♦ 




• • • i ft * 


m • I • > • • 


0 

r# 

ft 'O • 

1 • 

w • 

# 

in • 


X ■ • 

m « 




^ CD O T ^ 

• • 3- - • » • 

• ^ ^ o »n 


in 

UJ 

o 

o 

o 

X 


tn 

*N — ' 

rft o 


X -1- 
KJ O 
(A 


ft ft ft ft ft ft 


lA ft ft t ft * ft 


o 


>• 

►- 

u 


cn 

o 


z 

o 


ft 

ft 

ft 


»A ft 

<M ft 

r4 ft 

ft . 

ft «4> ft 

^ ft ft 

.X ft 

KJ . ft 


ft ft I ft 


• lA 
M 


X ft 

•-• lA ft 




• • ^ O' o in <o 

ft O ft • ft ft 

• ^ — 3* #n 


in 

iij 

o 

o 

o 

X 


04 

m 

m 

— 


-J 

in 

o 

m 

X 

X 

3T 

o 

ft 


ft*tf>ft — O OO O *3 
OCxftOftftftft 


ft — . o in o 

ft r*4 • • ft ft 

ft CM (N o fs* 


X ■♦ 

ft 

X ft 

ft 

^ • O’ ft ft* ft ft 

X ft ^ Cft o — ' 


f>i 0 — o- O' * 

ft INI ft ft 

ft fft — o 


w 

X 


—^iO ft •a'ftft 

O^ftOftft •• 
iA ft - — CD 

^ ^ — rft 

_j • tv* «>• 

O ft ft- 

in ft — 

ft 

a* ft 

ft 

«• ft-^oc^aro 

^ ft -ft ft ft ft ft 

CM ft rx IM 7* fM 
ft ^ -ft <v< 

ft O o* 


X ft 

Z> ft 

X ft 

»ft ft 

x*n ft — 

^ •<©»••• 

X ft -ft 04 S' 04 

ft xft — Of 
ft CO f>4 


ft -ft- O' -4) O O 

• — ft ft ft ft 

ft Of — »n 04 

ft ft- -ft Of 

ft O 04 

ft 04 


• ft -ft ft* ^ fA 

—• ft O’ ft ft ft ft 


ft X 04 


-ft ft -ft — — iM in 

• X ft ft ft ft 

• ^ rft ftft 04 


^0.^00 


— Of - 

-ft 04 


^ O' O 04 O^ 
-ft —r m 04 


in ft ^ oc Of m m 
•Aft o ^ ^ X X 
« ft m CJ ID QC QC 
•J • 

U • « > X > K 


(Aft ^ cc K m m 
in ft o X •< X X 

<4 ft lA ID 0> OC DC 

-J ft 

i> ft « > >C > X 


m ft ^ a: mm 
m ft o X X XX 
•< • CD <0 QC 0- 


m ft j oc DC m lA 

m ft o X ^ X X 

< ft «A CD 03 DC X 

-4 ft 

ft ft > K >> X 


•V 114 - 


WIND SPCtO |2«0 THTTA BCAH5 


• — — o < 

O • o • • - 
Lj • rv «M o 

It • — — ^ 

ec • « ^ 

o • 


^ M ' I (/) #*i <n 

O • • « » * * 

bj • >4 «*« ' ^ ’ 

flC • w 01 

oe • o 

O • C4 

i> ♦ 


hi • •— 
9 • o 
OP • Ol 

Z • ID 

3 • 


irt • O O' lO 

«J • o • •> • • 

< « O) CX O' <x 

— o 
o • r> 04, 

#- ♦ JT 


w • — 
z> • a 

O • 4A 

z • — 

2> .o 


•<— OOOlO 
01 • 01 • • • » 

• 04 O 01 

o* 

J *10 PX 


m • — •♦ CD 

^ • o • • • • 

^ • o> «x o> oi 

►* O — «• 01 

O • ID <X 


» I • • t I i 




D* • — — O' 04 — 
• Ol .»••••• » 

• 04 «0 «D 

• oi 

• lA 

• 


• a 9 • a * 


o • 

040 •»aaa* 
» • " 

z -J - • 

SJ o • 

in • 


fv • 


*n • 

lA — "O • 
04 — • 


X ^ « 

O O • 

in • 


• 9 a • • 


bJ « • » 

9- io«at*9a 




9- oi • a • t a • 


I a a t a 


. w> • • 

bi ■»* • aa a a- a 

-a • 

«a • 

o o ♦ 


• ^ o> o 00 

• o« • • » • 

• IM ^ O z 


• a a a a 


o • 

o • 

o • 

X • 


uj • a a a a a 


a a a a 


• — O O' 01 « 

• z • • • - 

• . 04 04 in *n 

• — ' — cn 




I y • o o o 

I •—•••• 

• 04 »-k. 04 

• — Ol 

4 • — 04 


— coin 

O04»O»«* * 

oi =1" XI 

— . • y — X 

j * 04 04 


^ cc • — 

»-o 4 *oa a a;a 


• CM 04 O' 

• — o> 
« ^ OI 

• CM 


• 04 04 lA 

• *- — OI 


b« 4 — »4MO'^'^ 

< • X • • • • 

CM • 04 04 O' 0*» 

• — — OI 

• IM 04 


■ 04 • ^ O CD OI X 

• X • • • • 

. •. 04 04 O 04 


• • fM CO m *o 

«< • CO • • • ♦ 

04 • — 04 04 X 

• lO 

• 0> 04 


— eo *n OI 


• o *n 

• ^ '—■X 


^ ^ m 04 


O # 4 M 04 ^ 4 


4A • _J Of It lA in 

m • o ^ ^ X X 

<< • lA O (D DC QC 

^ • 

W • • >« M > X 


lA • _J or OC LA lA 

lA • O ^ ^ X X 

< • in oa ID Of Gc 

-4 • 

• m >• X > X 


‘in • It Of lA in 

lA • O X X X X 

^ * lA tf> 40 (t OC 


lA • -» Of 

m • o X 

X • m ID 


- 115 - 


BAR 2^4#0 2S3*8 
RKS #H a2 
RHS Ii8 


%9 

< 


O 

O 

u 


ft- 

• ^ Mft M> — 






ft*. 


r- 

:i ftx 

r» 7 




Vft 

• CM ♦ » » • 






Uft 


7 

* • 

• • • 




>4 

O CM CM 0 » 






Ul* 


CM 

•M CM 

tn 




flC 

• ««• <M» ^ 

, O' 





flC 


— 

— CO 


CM 



cc 

• CM IM 

lA 





oe 


CM 

CM 


n 



o 


r> 





o 


CM 



O 



u 


ft 





Uft 





• 



w 







Ul 


— 






3 

« O 

« 





3 


O 



a 



.oc 

• lA 

o 





O 


m 



o 





X 







— 



X. 



X 

• CM 

oc 





X 


7 



X 



3 

• CM 






3 


CM 






o* 

• — r-. o 

in 


— O' 

o*-> 

'O 

— O' 



CM O 

no 

in ft 

— o 

flO CM O' 

7 

• CM •« * ft 

3 


o • 

» — 

* 

7 


CM 

• » 

• ' • 

3 ft 

o • 

* • • 

#M 

• o 

■< 


in — 

CM 

rx 




CM O 

m 

< ft 

in CM 

rn in 


* — — rx 

•— 



fx 


— 


X- 

— rx 

— 

ft 

w 

CO 


« CM <M 

O 


CD 

CM 


3 


CM 

CM 


O ft 

rx 

CM 

O 

9 «« 

ft- 


7 



O 






7 









r> 








CM 







-CM 








■ • 

• — CM O lA 

0 * 


CO 

'rx cn 

o 

a ft 




7 O 

7 O 

O' ft 

— o- 

rx IM CM 

CD 

ft *fM - 



CM • • 


— • 

CO < 


<M 

. • ' 

> u * • 


CM • *■ 

• . w • * t 


ft —CM O' 



— — 

CO 

m 




CM O 

in 


— 

03 CD 


ft — ^ rx 



^mrn 





w 

— fx 

•* 


— — 

rx 


ft CM CM 



CM 

CM 




CM 

CM 



CM 

fM 


*-5 

CM 

f— 4 

lU 

CQ 

< 


o . 

fs. ^ 

^4 


X j 
o o 
in 


q: 

ki « • 

♦- in 


u 

Ul 

> 


X 

o 


o 

Ui 


X 

■< 

VJ 

o 


»» lA 
M 


O 

<n 


o. 

w 

w 

a. 


z 

u — 


z t • • • 

o 


<■» (► 


X 

^ m 


in 

Ul 


€0 

•o n« 


- 0 - 0—0 

o « • • » 

-O 3 ^ — »* 


— CO O a- o 


lA 




o 

o 

X 


X 

3 


X o 
■< 

X 


3 a: a: «n in 
o -< ■< X X 
VI 03 CO QC OC 

■ >*<>•>< 


— o o -r CO . 


lA 

o> «o 

IM CM 


X -»• 
u» o 
in 

•— r> 

QC 

Ul a • 

in 


Ui 

;>■ • 


I » • t I t 


— 00^0 

7 • » • » 

<M «o rw 
— — o 

•n . IM 


— •- IM f 

• • 

— — in 

— r*. 

-A CM 


— O 

— — rv 

in CM 


ft » » • • 


X 

o 


— . 03 
7 CM 


-1 o: cx lA in 

O < *«x X X 

in 03 03 or a: 

• > ^ K 


in 

in 


■ «n 

03 


X . 
o 


CM ft 

o 


— O' CD 7 — 

7 • • • • . 

CM — in 7 
o> 

7 CM 

<N 


O ft ft ft ft 


— O- — CM O 


X 

«— m 


o 

o 

o 

X 

-J 7 

Ul 

v: 

-I ■ 

X 

3 

X 

X o 
•< 

X 


— • — O — fs. 

CM — m 
— 03 * 

— • CM 


^ o: or in in 

o ^ X X 
o C3 CD cr q: 


' <M r>. r-l -O 

CM * • • * 

CM O »■ 




— 0 0—7 

CM • • * • 

CM o r«* 

— CO 

CM IM . , 


— — o CM in 


CM CM ^ 

W M lO 


— O' O- CM O 

O' • * » • 

— — in cn 

— — oo 
O- CM 


• m — in 

CM *-» -• 

— CO • 

— CM 


3 q: oc 
o < <« 
in 03 (o 


- 116 - 


RMS 

RK5 


ar ^ 

^ • • 




t • • 


• » • » t 




^ 


— »>. >0 Lfl IM 

O • - - • 


^ • ft » • 


• > M >• X 


— O O ri - 4 > 

O * • • • 

i/i <M o rft 

o 


— o o < 

0 • •*. 

01 r >4 lA 


lA 


ft ft • t • 








r> r>« ^ 

^ — O' 


-*• <► »• o »• 


— — O 

— — O 


— ft ft ft • 


ft ft I ft ft 


— O '® ar o* 

<>“•••• 

r« c<t »n — 


^ ^ O' r >4 03 

o • • • 

~ ro CD T- 
o> 

— o 


O <o ar ^ 

O' «• * * ** 

M r« O *>« 


— r« o fH 04 






^ r«> o CO 

O' * • «» • 


-« O rv ® 


_J Of oc (A «n 
o X X x: 
«A «> «1 QC oc 


a > X > X 


117 


M • • 

kJ • r* et m 

tc 0 

ec 0 ^ 

o~0 o 

u • 

* • 

:> • o 

<j • in 

*« * M 

X 0 r% 

Z» r% 




O 

40< 


W • 


t « «t • • • 9 


O 

-3C 


"■ — <o r> ;« 

•.^ ^ •• • » • 

« -An^ 0“ t4 ■ 




W. 

• M 

c: 

ic 

o 


o 

<a« 


li • 

ct> 


• ••••> 


o • 

r> «i» • 

•^O 


X -i- • 

u o • 

v% • 


Ikl « • • 

»• . . • 


> 

•O • 


. • I I • f. i 




t •■ I • • 


T 

V/ 


X 

•-» in • 


'A 




I » • • • 


. o 

o 







m 





o . 



O' 

>* 



... 

o 



CM 

A 




o 








X 



O 

Z 




— ■ 



• 

o 

•n • 

— O 

ar ^ 

-1 r 



CM 

mm 


» • 

A A 

UJ 



.04 

►- 


— CM O 


w 




v> 


— — 





O 

Ul 


Os. O 


•» ' 



* 



»m ' 





O^ - 

UJ 




X ■ 



CM 

m 




z> 







' 

r 



«• 





— 



cn 


A • 



X o 


r. n — 



ooi • 

o $ • 

t t 

X 


o- • • • - 

CM 


A • 



X 


— 04 o* n 




O' 




— — (M 



J • 

04 




'O o 



o • 

— 




— • 

o% 


A • 

o 





X 








• X 


X • 






Ul 








A 


• • • 

— —CM 

X -o 

o# 


— o4 i^ *n o 



X « 

O' * • 

m • 



o* • » • • 

X' 


CM • 

04 04 A 

cn 



04 CM O' 04 

l- 



— — 04 




.w — 04 

w 



^ 0> 




CO 0> 

X 



04 




CM 

















o 








m 








04 


« « 

— CM A 

X — ' 

— 


— — r>' cn A 

'mm 



X • • 

• m 



X • • • • 




CM — 

X 



04 O CM 

*1 


- * • 

• — — ■ 




— — -O 

Ul 



X r% 




X #n 

u 








•u 
























o 








z 








1 •'* 


A • 

a: cc 

in m 

lA 


_i ft: or m m 

i Jt 


A • 

O X X 

X X 

lA 


O X ^ £ X 

1 


X • 

AAA 

q: €c 

X 


in A A oc X 

» 


-> ♦ 



-J 





4J 0 

a > M 

> X 

w 


■ > X > K 


«n 

ar ^ 

r«» N 


cr o 

tn 


oc 

LJ » • 

►- in 


s* 

■ ki 
> 

►- 

Ul »■ 
-> 
tn 
o 

>“ ■ 

A 

•X 

o 


— fO 

03 rn 


o 

to 


O ««.x fw 




%9 

<< 


o 


X 

o 






^ O X o 

• • • * 

— O VA 

— 




• till 




~ ^ Ul ro. 

'A • • • • 

— r«j X in 


— 7- in *o 'OX 

o • • • • 

— <M O- 'O 
a^ X 
fM 


m 

X 

•n 

■ ->0 
I 

•n 


X 

— * in 


o 

o 

o 

X 

_J X 
UJ 


X 

.:> 

X 

X o 
-< 

X 


m 

•o 


^ O' o rN. 

X - ••>•>•. 

fs« CO X 
^ ^<r * 

X 'n 


^ cc mm 
o -< •< X X 
Q a oc oc 


m ( 


» X >► X 


— O '# r< 'O 

o * * * * 

lA<^* X 






• fSk in n in 

lA 


O 

O 


o 

> •• in 


> •-• in — lA 
rs. CM 




• • fr • I 


^ M rv. O «> 


— X 
'O 


— O X 04 fM 

« 

04 04 X *n 


o O* — O' 

X - •> • • 

<M Oi 


_> a: Of m m 

O X X X X 

m 40 fo a: QC 

« > X > X 


f" o 
o 


o 


<o ^ 
z << 
z>>- 
o 


o o 
' ocr 


lA X 


in in. 

X X 

a: Qc 


Ul 

\y 

X in m . 
flC X X 
Ul fiC oc 
> 

< > >- 

o o o 

X • • 

X CM CM 
X — 
O 

oc a : 

X X 
O CD 


TOTAL ATTEHJtS 1200 NUUOCR Of r*lL0RCS 



Summary Tables 

The results of each of the 28 Monte Carlo simulations are 
summarized in the 28 tables that follow. They are tables 13 
through 40 as indexed below. 


Table 13, 

29°, 

4 m/s. 

1 

cell 

14, 

29°, 

4 m/s. 

5 

cell 

15, 

29°, 

8 m/ s , 

1 

cell 

16, 

29°, 

12 m/s. 

1 

cell 

17, 

29°, 

24 m/s. 

1 

cell 

18, 

39°, 

4 m/s. 

1 

cell 

19, 

29°, 

4 m/s. 

5 

cells 

20, 

39°, 

8 m/s. 

1 

cell 

21, 

39°, 

8 m/s. 

1 

cell ± 0.7 db 

22, 

39°, 

12 m/s. 

1 

cell 


23, 39°, 12 m/s, 1 cell ± 0.7 db 


24, 

39°, 24 m/s. 

1 cell 

25, 

47°, 4 m/Si 

1 cel 1 

26, 

47°, 4 m/s. 

5 cells 

27, 

47°, 4 m/s. 

25 cells 

28, 

47°, 8 m/s. 

1 cell 

29, 

47°, 8 m/s. 

5 cells 

30, 

47°, 12 m/s. 

1 cell 

.31, 

47°, 12 m/s. 

5 cells 

32., 

47°, 24 m/s. 

1 cell 

33, 

53.5°, 4 m/s 

, 5 cells 

34, 

53.5°, 4 m/s 

, 25 cells 

35, 

53.5°, 8 m/s 

, 5 cells 

36, 

53.5°, 8 m/s 

, 25 cells 

37, 

53.5°, 12 m/s 

, 5 cells 

38, 

53. 5°, 12 m/s 

, 25 cells 

39, 

53. 5°, 24 m/s 

, 5 cells 


40, 53. 5°, 24 m/s, 25 cells 
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TABLE 13 29^, 4 M/S, 1 CELL 


1 CELL 


UIND SPEED 4.0 THETA BEAMS 1.2#3: 29.0 22.0 29.0 

SELECTION BY OBJECTIVE CRITERIA 


CLASS 


1* 


2A« 



2B 


3 


4* 


5* 


6 


7 


8* 


9 

UNIQUE 

CORRECT 

**********t»»***********4*44**»***»*»*»«**4*************4***********>***4*****T******T***4******* ******* i**********^*#*********** 

X* 0 


- 

9< 

9) 

0( 

9f 

0) 

4( 

4) 


- 

2( 

2> 

6( 

6) 

3< 

3) 

22< 

22 ) 

4( 

4) 

33 ( 

50) 

33( 

33) 

X=» 15 


- 

16< 

16) 

0( 

16 r 

0) 

6( 

6) 


- 


- 

5< 

5) 

10( 

10) 

6( 

7) 

6( 

6) 

23( 

50) 

22 ( 

23) 

X* 30 

7( 

7) 

22 < 

23) 

1( 

23» 

0) 

20 ( 

20) 


- 


“ 


- 


- 


- 


- 

30 ( 

50) 

29< 

30) 

X« 45 


_ 

16( 

17) 

1( 

17. 

0) 

33( 

33) 


- . 


- 


- 


- 


- 


- 

17( 

50) 

16< 

17) 

X= 60 

2( 

2) 

8< 

9) 

1( 

9r 

0) 

28 ( 

28) 


- 


- 


- 

6( 

6) 

0( 

2) 

3( 

3) 

13( 

50) 

10( 

13) 

X** 75 


_ 

5< 

5) 

0( 

5» 

0) 

13< 

13) 


- 


- 

K 

1 ) 

16( 

16) 

K 

2) 

13< 

13) 

7< 

50) 

6( 

7) 

X= 90 


_ 

3< 

3) 

0( 

. 3. 

0) 

IK 

11) 


- 

K 

1) 

2( 

2) 

6( 

6) 

12( 

13) 

14< 

14) 

17( 

50) 

16<- 

17) 

X-105 


_ 

7< 

7) 

0( 

7. 

0) 

10< 

10) 


- 


- 

3( 

3) 

13( 

13) 

7( 

7) 

10( 

10) 

14< 

50) 

14 ( 

14) 

X=120 


- 

8( 

12) 

2( 

12. 

2) 

35 < 

35) 


- 




- 

2( 

2) 


- 

K 

1 > 

12< 

50) 

8( 

12) 

X=135 

0<- 

1) 

3< 

6) 

2< 

6» 

1) 

43< 

43) 


- 


- 


- 


- 


- 



7< 

50) 

3( 

7) 

X=150 

1( 

1) 

7( 

11 } 

3( 

11 . 

1) 

37< 

37) 


- 


’ - 


- 

K 

1) 


- 


- 

12( 

50) 

8< 

12) 

X=165 

2( 

2) 

9< 

11) 

0< 

11 . 

2) 

24 ( 

24) 

4( 

4) 


- 


- 

4( 

4) 

2( 

2) 

3( 

3) 

19( 

50) 

17( 

19) 

X=180 


_ 

4< 

4). 

0( 

4. 

0) 

20< 

20) 

4< 

4) 


- 


- 

7( 

7) 

. 7( 

7) 

8< 

8) 

15( 

50) 

15( 

15) 

X=l95 

3< 

3) 

10( 

11) 

1( 

Ilf 

0) 

22 ( 

22) 

3< 

3) 


- 


- 

5< 

5) 

K 

1) 

5( 

5) 

18( 

50) 

17( 

18) 

X=210 

3< 

3) 

13( 

14) 

. 1( 

14. 

0) 

33 ( 

33) 


- 


- 


- 




- 


— 

17( 

50) 

16( 

17) 

X=225 

1< 

. 1) 

14( 

17) 

2( 

17. 

1) 

32 ( 

32) 


■ - 


- 


- 


- 


- 


- 

1B( 

50) 

• 15( 

18) 

X=240 

0( 

1) 

12( 

17) 

4< 

17. 

1) 

31 < 

31) 


- 




- 

f 

- 


- 

K 

1) 

18< 

50) 

12( 

18) 

X=255 

0( 

1) 

3( 

4) 

0( 

4. 

1 ) 

31< 

31) 

K 

1) 


- 


- 

4( 

4) 

3< 

3) 

6< 

6) 

9( 

50) 

7( 

9) 

X=270 

1( 

1) 

1< 

3) 

3< 

3. 

-1) 

21< 

21) 

2( 

2) 


- 


- 

9< 

9) 

3( 

3) 

IK 

11) 

9( 

50) 

7( 

9) 

X=285 



5< 

8) 

4( 

a. 

-1) 

28( 

28) 

K 

1) 


• - 


- 

6< 

6) 

1 ( 

1) 

6( 

6) 

10( 

50) 

7< 

10) 

X=300 

2( 

2) 

8( 

11) 

2( 

11. 

1) 

36< 

36) 


- 


- • 


- 

1 < 

1) 


- 


• “ • 

13< 

50) 

10< 

13) 

X=315 

1< 

3) 

7( 

12) 

5( 

12. 

0) 

35 < 

35) 


- 


• - 


- 


- 


- 


- 

1S( 

50) 

8( 

15) 

X=330 

K 

1) 

5< 

6) 

1( 

6. 

0) 

40< 

40) 


- 


- 


- 

K 

1 ) 

0( 

1 ) 

K 

1 ) 

8( 

SO) 

6( 

8) 

X=345 

1( 

1) 

12< 

12) 

0( 

12. 

0) 

IK 

11) 

0< 

1) 

K 

1) 

3( 

3) 

. 8< 

8) 

4( 

5) 

8( 

8) 

20( 

SO) 

18( 

20) 

TOTAL 

25< 

30) 

207 ( 

248) 

33( 

248. 

8) 

604 < 

604) 

15< 

16) 

4< 

4) 

20< 

20) 

102( 

102) 

69 < 

76) 

100< 

100) 

374(1200) 

320 < 

374) 


I CELL 


WIND SPEED 4.0 THETA BEAMS If2f31 29.0 22.0 29.0 

MAXIMUM LIKELIHOOD ESTIMATES 


X» 0 


- 

9( 

9) 

4( 

4) 

X» 15 


- 

16C 

16) 

6( 

6)‘ 

Xf» 30 

7< 

7) 

23< 

23) 

20 < 

20) 

X*. 45 


- 

IK 

17) 

24 ( 

33) 

X= 60 

2( 

2) 

7< 

9) 

18( 

28) 

X» 75 


- 

5< 

5) 

10( 

13) 

X* 90 


- 

3( 

3) 

IK 

11) 

X-105 


- 

7< 

7) 

10( 

10) 

X=120 



9( 

12) 

29 ( 

35) 

X=135 

0( 

1) 

3< 

6) 

34 ( 

43) 

X=150 

K 

1) 

4< 

11) 

30 ( 

37) 

X»165 

2( 

2) 

9( 

11) 

22( 

24) 

x^ieo 


- 

4( 

4) 

18( 

20) 

X=195 

3( 

3) 

IK 

11) 

22 ( 

22) 

X«210 

3( 

3) 

13< 

14) 

29( 

33) 

X*225 

K 

1) 

14( 

17) 

2S( 

32) 

X«240 

OC 

1) 

12( 

17) 

24 ( 

31) 

X-255 

0( 

1) 

3( 

4) 

21( 

31) 

X-270 

K 

1) 

0( 

3) 

16( 

21) 

X°28S 


- 

5( 

8) 

20 ( 

28) 

X-300 

2C 

2) 

6( 

11) 

20( 

36) 

X»315 

K 

3) 

8< 

12) 

28( 

35) 

X=330 

K 

1) 

6< 

6> 

34 < 

40) 

X=345 

K 

1) 

12< 

12) 

9< 

11 } 


TOTAL 25< 30) 202( 240) 484( 604) 13< 


4 5 6 7 8 

[»****»********»******«#***»*♦****♦*****»«*******< 

2( 2) 6( 6) 3( 3) 22( 22) 


- 


- 

5( 

5) 

10( 

10) 

6( 

7) 


r . 


- 


- 

6< 

6) 

2( 

2) 


_ 


- 

K 

1 } 

12( 

16) 

K 

2) 


• 

K 

1) 

2< 

2) 

6( 

6) 

13< 

13) 




- 

3( 

3) 

13( 

13) 

7( 

7) 




- 


- 

K 

2) 




; • 


_ 


_ 

K 

1 ) 


- 

4( 

4) 


- 


- 

4( 

4) 

K 

2) 

4< 

4) 


- 


- 

7( 

7) 

7( 

7) 

3< 

3) 


- 


- 

3( 

5) 

K 

1 ) 

K 

1) 


- ■ 



4( 

4) 

3( 

3) 

2< 

2) 


- 


- 

7< 

9) 

3< 

3) 

K 

1) 


- 


- 

4( 

6) 

1 ( 

1 ) 


- 


- 


- 

K 

1 ) 




_ 


_ 


- 


- 


- 




_ 


- 

K 

1) 

K 

1) 

0< 

1) 

K 

1) 

3< 

3) 

8( 

8) 

5( 

5) 

15< 

16) 

4< 

4) 

20 ( 

20) 

9K 

102) 

73 ( 

76) 


3< 

4) 

49( 

50) 

RHO= 

-.661 

5( 

6) 

48 ( 

50) 

RHQ= 

-.052 


- 

50 < 

SO) 

RMO= 

.513 


- 

35 ( 

' SO) 

RHO = 

.435 

3( 

3) 

38 < 

50) 

RHO= 

.342 

13( 

13) 

42( 

50) 

RHO= 

.443 

12( 

14) 

48 ( 

50) 

RHO= 

.416 

10< 

10) 

50 ( 

50) 

RHO= 

.488 

0< 

1 ) 

39 ( 

50) 

RHO= 

.671 


- 

37 ( 

50) 

RHO= 

-.086 


- 

36 ( 

50) 

RHO= 

-.458 

2( 

3) 

44 ( 

50) 

RHO- 

-.608 

7( 

8) 

47 < 

50) 

RHO= 

-.445 

5( 

5) 

48( 

50) 

RHD= 

-.542 


- 

45< 

50) 

RHO= 

.406 



40 ( 

50) 

RHO= 

.418 

K 

1 ) 

37 < 

50) 

RHO= 

.374 

3( 

6) 

35< 

50) 

RHO= 

.584 

9( 

11 ) 

38 ( 

SO) 

RHO= 

.604 

3< 

6) 

. 34( 

50) 

RHO= 

.565 


- 

3K 

50) 

RHO= 

.247 


- 

37< 

50) 

RHO= 

-.412 

K 

1) 

44( 

50) 

RHO= 

-.581 

8( 

8) 

47< 

50) 

RHO= 

-.634 
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TABLE 14 29 ^, 4 M/S, 5 CELLS 


UINO SPEED 4.0 THETA BEAMS l»2f3: 29,0 22.0 29.0 


SELECTION BY OBJECTIVE CRITERIA 


CLASS 


1« 


2A* 



2B 


t$t*tt**ttt***tt*tttttt************************^ 

X= 0 


- 


- 



“ 


X» 15 

4( 

4) 

19< 

19) 

0< 

I9f 

0) 


X« 30 

25 ( 

25) 

22 < 

22) 

0< 

22 1 

0) 

3< 

Xs 45 

2< 

2) 

40< 

40) 

0( 

40f 

0) 

8( 

X= 60 

4( 

4) 

31( 

32) 

K 

32p 

0) 

14< 

X* 75 

4< 

4) 

2( 

3) 

0( 

. 3» 

1) 

IK 

X» 90 


- 


— 



~ 

3< 

X«105 

17< 

17) 

4( 

4) 

0( 

• 4 p 

0) 

X*120 

5< 

5) 

19< 

19) 

0< 

19» 

0) 

26 ( 

X=13S 

3( 

3) 

14< 

15) 

l.( 

15» 

0) 

32 < 

X=150 

12( 

12) 

9< 

11) 

2( 

ll» 

0) 

27 < 

X=165 

10< 

10) 

6( 

6) 

0( 

6p 

0) 

24 ( 

xsieo 

1( 

1) 

24< 

24) 

0( 

24 » 

0) 

5< 

X*195 

6( 

6) 

28 ( 

28) 

0( 

• 23* 

0) 

10( 

X*210 

. 2l< 

21) 

14< 

15) 

K 

15* 

0) 

14( 

X»225 

7< 

7) 

23< 

25) 

2< 

25* 

0) 

18( 

X»240 

6< 

7) 

22 < 

24) 

2< 

24*. 

0) 

T9< 

Xs255 

3( 

3) 

19< 

19) 

0( 

19* 

0) 

20< 

X=270 

4< 

4) 

3( 

4) 

2< 

4 » 

-1) 

13< 

Xa285 

IK 

11) 

13( 

14) 

K 

14* 

0) 

18( 

X*300 

3( 

3) 

li( 

14) 

3< 

14* 

0) 

33 < 

X=315 

8( 

9) 

5< 

5) 

. 0< 

5* 

0) 

. 36(- 

X=330 

10< 

10) 

13( 

14) 

K 

14* 

0) 

26< . 

Xs345 

8< 

8) 

IK 

11) 

0( 

11* 

0) 

6( 

TOTAL 

174< 

176) 

352 ( 

368) 

16( 

368* 

0) 

366 < 3 


IJNIOUE CORRECT 


2 ) 22 ( 
4) 3< 


2( 

2) 

24< 

21) 


_ 

26< 

50) 

26 ( 

26) 

18< 

18) 

2( 

2) 


- 

29 < 

50) 

29 ( 

29) 




_ 


- 

47< 

50) 

47( 

47) 


_ 




- 

42< 

50) 

42( 

42) 




-■ 


- 

36( 

50) 

35 ( 

36) 

25 ( 

25) 

0( 

1) 

6( 

6) 

8( 

50) 

6( 

8) 

8( 

8) 

27 < 

27) 

8( 

8) 

3K 

50) 

3K 

31 ) 

2K 

21) 

K 

1) 

2< 

2) 

22 ( 

50) 

22 < 

22 ) 




- 


- 

24 ( 

SO) 

24 < 

24) 


• _ 


_ 


— 

18( 

SO) 

17< 

18) 


_ 


- 


- 

23 < 

50) 

2K 

23) 

3( 

3) 


- 


- 

23 ( 

50) 

23( 

23) 

11 < 

11) 

3< 

3) 

1< 

1 ) 

33< 

50) 

33( 

33) 

5( 

5) 


_ 


. - 

35 < 

50) 

35 ( 

35) 




- 


- 

36 ( 

50) 

35 < 

36) 


_ 


_ 


- 

32 < 

50) 

30 ( 

32) 


_ . 


_ 


■- 

3K 

50) 

28 ( 

31) 

6< 

6) ' 

K 

1) 


- 

24 ( 

50) 

24 ( 

24) 

IK 

11) 

6( 

6) 

. K 

1 ) 

25 < 

50) 

24 ( 

25) 

3< 

3) 




- 

29 ( 

50) 

28 ( 

29) 




- .• 



17( 

SO) 

14( 

17) 


_ 




- 

14< 

50) 

13( 

14) 


_ 




- 

24 < 

SO) 

23 ( 

24) 

23 ( 

23) 

K 

1) 


- 

20 < 

SO) 

20( 

20) 


31) 136< 136) 


18( 10) 649<1200) 630( 649) 


WIND SPEED 4.0 THETA BEAMS 1»2f 3; 29.0 22 iO 29.0 

MAXIMUM LIKELIHOOD ESTIMATES 


X- 15 

4( 

4) 

19( 

19) 

X* 30 

25 ( 

25) 

22 ( 

22) 

X» 45 

2< 

2) 

39 ( 

40) 

X» 60 

4( 

4) 

30< 

32) 

Xa 75 

4( 

4) 

3( 

3) 

X* 90 


- 


- 

X=105 

17< 

17) 

4( 

4) 

X*120 

5< 

5) 

19( 

19) 

X»135 

3< 

3) 

1S( 

15) 

X=150 

12< 

12) 

IK 

11) 

Xal6S 

10< 

10) 

6( 

6) 

Xal80 

K 

1) 

24 < 

24) 

X-195 

6< 

6) 

28 < 

28) 

X-210 

2K 

21) 

15< 

15) 

X«225 

7< 

7) 

25( 

25) 

X»240 

7< 

7) 

23 < 

24) 

X»255 

3< 

3) 

19( 

19) 

X«270 

4( 

4) 

4< 

4) 

Xa285 

IK 

11) 

13( 

14) 

X«300 

3( 

3) 

IK 

14) 

Xa31S 

8( 

9) 

5( 

5) 

X*330 

10( 

10) 

14( 

14) 

Xa345 

8< 

8) 

IK 

11) 

TOTAL 

175( 

176) 

360 ( 

368) 


3) IK 11> 


11) 


~ 

3) 


- 

26) 


- • 

32) 



27) 


- . 

24) 

7< 

7) 

5) 

5( 

5) 

10) 

K 

1) 

14) 


- 

18) 



19) 


- 

20) 

K 

1) 

13) 

IK 

11) 

18) 

4< 

4) 

33) 


- 

36) 


- 

26) 


- 

6) 


- 


2 ) 22 ( 22 ) 
4) 3( 3) 



7 


8 


9 

. TOTALS 



tt*t**tt*tttt*t**t*t**ttt*t*tt**t4*44** 

2< 2) 24< 24) - 50( 50) 

RHOa 

-.617 

18< 

18) 

2< 

2) 


- 

50 < 

50) 

RHO= 

.200 


- 


. 


- 

50 C 

SO) 

RMQ= 

.577 


_ 




- 

48 ( 

50) 

RHO= 

.440 




_ 


• - 

47( 

SO) 

RHQa 

.225 

25 < 

25) 

0( 

1) 

6< 

6) 

49 < 

50) 

RHO= 

.310 

8( 

8) 

27 ( 

27) 

8( 

8) 

50 ( 

SO) 

RHO= 

.567 


21) 

K 

1 ) 

2< 

2) 

S0( 

50) 

RHQa 

.692 





- 

49< 

50) 

RHO= 

.233 


_ 


u- 


- 

49< 

50) 

RHO= 

-.384 


_ 


_ 


- 

50 ( 

50) 

RHO = 

-.632 

3( 

3) 




- 

50 ( 

50) 

RHO= 

-.750 

IK 

11) 

3( 

3) 

K 

1) 

50 ( 

50) 

RHO= 

-.624 

5( 

5) 


- 


- 

50 { 

50) 

RHQa 

-.066 



_ 


- 

50 ( 

50) 

RHO= 

.397 


_ 




- 

47( 

50) 

RHO= 

.602 


_ 


- 


- 

47< 

50) 

RHO- 

.323 

. 5( 

6) 

K 

1 ) 


- 

47 ( 

50) 

RHQ= 

.259 

IK 

11) 

6( 

6) 

K 

1) 

50( 

50) 

RHO= 

.592 

3( 

3) 


- 


- 

49 ( 

50) 

RHQa 

.518 





- 

4K 

SO) 

RHO= 

-.315 


_ 


_ 


- 

44( 

50) 

RHO= 

-.737 


- 1< 1) 23( 23) 1< 1) 

29< 29) 10< 10) 3K 31)' 135< 136) 65( 66) 18( 


49< 50) 

S0( 50) 


18)1166(1200} 
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TABLE 15 29°, 8 M/S, 1 CELL 



HAXIHUM LIKELIHOOD ESTIMATES 


CLASS 


1 


-> 


3 


4 




6 


7 


8 


9 

totals 



*♦*»#<***«**»*«»*<»*»* »t******t*»***«*«***»****»**»*********<*»<*»****<^*****< *♦****♦<♦**♦ 





X= 0 


_ 

15< 

15) 

1( 

1) 


- 


- 

4( 

4) 

1 ( 

1 ) 

29 < 

2V) 


- 

50( 

50) 

RHG-- 

- . 489 

x= IS 

1 6( 

16> 

19( 

19) 

2( 

2) 


_ 

1( 

1) 

2< 

2) 

6( 

6) 

3C 

3) 

1 ( 

1 ) 

50 < 

50) 

RHO= 

.011 

X= 30 

21( 

21) 

26 < 

26) 

3( 

3) 


- 


- 


- 


- 


- 



50 ( 

50 * 

RHO= 

.417 

X* 45 

2( 

3) 

26< 

31) 

13< 

16) 


- 


- 


- 


- 




- 

41 ( 

SO) 

RHQ= 

. 468 

X- 60 

0( 

1 ) 

28 ( 

29) 

19( 

20) 


- 


- 


- 


- 


- 


- 

471 

50) 

KHO= 

.244 

X= 75 

2( 

2) 

B< 

8) 

23 ( 

23) 


- 


- 


- 

4( 

4) 

0< 

1) 

10( 

12) 

47( 

50) 

RHO= 

. 263 

X= 90 



5( 

5) 

8( 

8) 


- ■ 


- 

2( 

2) 

9( 

10) 

6< 

6> 

19( 

19) 

49 < 

50 ) 


.389 

X-105 

4( 

4) 

15< 

15) 

17( 

19) 


■ - 


- 


- 

7i 

7) 

3( 

3) 

1( 

2) 

47( 

50) 

RHO- 

.318 

X=120 

l< 

1) 

16< 

16) 

30 ( 

33) 


- 


- 


- 


- 


~ 


- 

. 47 ( 

50) 

RHO= 

. 184 

X=135 

2( 

2) 

15< 

17) 

26 < 

31) 


- 


- 


- 


- 


- 


- 

43< 

50) 

RHO= 

.092 

X»150 

5( 

5) 

17( 

20) 

'*2 ( 

25) 


- 


- 


- 




- 


- 

. 44 ( 

SO) 

RHO= 

-.498 

Xsl6S 

6< 

6> 

20 < 

22) 

16( 

16) 

4< 

4) 


- 


- 

K 

1) 

0< 

1 > 


- 

47C 

50 ; 

RHO - 

-.377 

X«180 

3< 

3) 

24 ( 

25) 

2< 

2) 

6< 

6) 


- 


- 

4( 

4) 

8< 

8) 

0< 

2) 

47< 

50) 

RHO» 

-.466 

X»195 

13( 

13) 

22< 

22) 

13< 

13) 

l( 

1) 


- 


- 


■- 


- 

1< 

1 ) 

30( . 

50) 

RHC = 

-.135 

X»210 

12< 

12) 

22 < 

25) 

12( 

13) 


- 


- 


- 


- 


- 


- 

46( 

50 ) 

RHO = 

. 171 

X=225 

10( 

10) 

18( 

22) 

15( 

16) 


- 


- 


- 


- 


- 


- 

43( 

50) 

RHO= 

• 422 

X-240 

2( 

2) 

24 ( 

26) 

19( 

22) 


- 


- 


- 


- 


- 


- 

45< 

50 

RHO= 

.402 

X==255 



23{ 

24) 

20 ( 

21) 


- 


- 


- 

3< 

4) 

K 

1 ) 


- 

47( 

50) 

RHO = 

» 508 

X=270 

1< 

1) 

5< 

6) 

15( 

17) 

1 < 

1 > 


- 



7( 

9) 

7( 

7) 

9( 

9) 

45 ( 

50 

RHO= 

.621 

X=»285 

1( 

1) 

10( 

11 ) 

29 ( 

31 ) 


- 


- 


- 

3( 

3) 


- 

3< 

4) 

46( 

50) 

RHO = 

.579 

X=*300 

2C 

3) 

10( 

13) 

30 ( 

34) 


- 


- 


- 


- 


- 


- 

42< 

50) 

RHO= 

.147 

X=315 

3( 

3) 

u< 

13) 

29< 

34) 


- 


- 


- 


~ 


- 


- 

43< 

50) 

RHO= 

-.488 

X = 330 

5( 

5) 

17< 

22) 

2K 

23) 


- 


- 


- 


~ 


- 



A3i 

50) 

RHO- 

-.359 

X=345 

9< 

9) 

IK 

12) 

1 1 ( 

12) 

2< 

2) 


- 


- 

3< 

3) 

3( 

3) 

9( 

9) 

4S( 

SO) 

RHO-^ 

-.629 

TOTAL 

120< 

123) 

4071 

444) 

396( 

437) 

14( 

14) 

K 

1 ) 

8( 

8> 

49 ( 

52) 

60( 

62) 

S3( 

59) 1107< 1 

200 
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TABLE 16 29°, 12 M/S, 1 CELL 


i CELL 


WIND SPEED 12.0 THETA BEAMS l»2f3: 29.0 22.0 29.0 


SELECTION BY OBJECTIVE CRITERIA 

CLASS 1* 2A* 2B 3 4* 5* 6 7 8* 9 UNIQUE CORRECT 

t*t$tt**tttttt*t*tt*tt*t*tt***tt*ttt*t*******.tt*t$**t*********tt***t***ttMttt**%***t****:t.*ttt**$*W**t*tt***^**^*****t*$*****$tn*t*** 


X= 0 

1< 

1> 

29 < 

29) 

0( 

29 1 

0) 


- 

6( 

6) 


- 


- 


* 

14( 

14) 


- 

50 ( 

SO) 

50 ( 

50) 

X« 15 

20 < 

20) 

26 ( 

26) 

0( 

26 f 

0) 

3( 

3) 


- 


- 


- 



1 ( 

1) 


- 

47< 

50) 

47( 

47) 

X= 30 

21 ( 

21) 

2K 

22) 

1< 

22 f 

0) 

7( 

7) 


- 


- 


- 


- 


- 


- 

43 ( 

50) 

42< 

43) 

X» 45 

5( 

S> 

3K 

32) 

1< 

32f 

0) 

13( 

13) 


- 


- 


- 


- 


- ■ 


- 

37 ( 

50) 

36 ( 

37) 

X= 60 

3< 

3) 

29 < 

29) 

0< 

29 1 

0) 

18< 

18) 


- 


- 


- 


- 


- 


- 

32 ( 

50) 

32 < 

32) 

Xo 75 


- 

22 ( 

22) 

0< 

22» 

0) 

21< 

21) 

3< 

3) 


- 


- 


- 

1( 

1 ) 

3( 

3) 

26< 

SO) 

26 ( 

26) 

X« 90 

1( 

1) 

12< 

12) 

0( 

12» 

0) 

9< 

9) 

9< 

9) 


- 


- ■ 


- 

7( 

7) 

12( 

12) 

29 { 

SO) 

29 ( 

29) 

XslOS 


- 

16< 

17) 

1< 

17f 

0) 

29 < 

29) 

2< 

2) 


- 


- 


- 

K 

1) 

1 ( 

1 ) 

20< 

SO) 

19( 

20) 

X=120 

1< 

1) 

12( 

12) 

0( 

12f 

0) 

37 < 

37) 


. “ 


- 


- 


- 


- 


- 

13< 

50) 

13( 

13) 

X*135 

6( 

6) 

15< 

16) 

1 ( 

16> 

0) 

28< 

28) 


- 




- 


- 


- 


- 

22 ( 

50) 

21 ( 

22) 

X=150 

5( 

5) 

25 ( 

27) 

2< 

27f 

0) 

18< 

18) 


- 


- 


- 


- 


- 



32 < 

50) 

30 < 

32) 

X=165 

6( 

6> 

21< 

22) 

1 ( 

22» 

0) 

10( 

10) 


- 

1( 

1) 

3( 

3) 


- 

6< 

6) 

2( 

2) 

35 < 

50) 

34 ( 

35) 

X«180 

1( 

1) 

12< 

12) 

0( 

12f 

0) 

8( 

8) 


- 

2< 

2) 

2( 

2) 


- 

23( 

23) 

2< 

2) 

38 ( 

SO) 

38 ( 

38) 

X*195 

24 < 

24) 

14< 

14) 

0( 

14f 

0) 

6< 

6) 


- 


- 


- 

1< 

1 ) 

3( 

4) 

1( 

1 ) 

42< 

SO) 

41 ( 

42) 

X=210 

14( 

14) 

2l( 

22) 

K 

22» 

0) 

14( 

14) 


- 


- 


- 


- 


- 


- 

36 ( 

SO) 

35( 

36) 

X-225 

IK 

11) 

20 ( 

21) 

1< 

21 r 

0) 

18( 

18) 


- 


- 


- 


- 


- 


- 

32 ( 

50) 

31( 

32). 

X=240 

4< 

4) 

22 ( 

24) 

2( 

24 » 

0) 

22 < 

22) 


- 


-■ 


- 


~ 


- 


- 

2B< 

SO) 

26 < 

28) 

X=255 

2< 

2) 

18< 

18) 

0( 

IBw 

0) 

24 < 

24) 

0( 

1) 


- 


- 


■- 



5( 

5) 

2K 

SO) 

20 ( 

21 ) 

X«270 


- 

5< 

6) 

1( 

6r 

0) 

16< 

16) 

0( 

4) 


- 


- 


- 

12( 

12) 

12( 

12) 

22 < 

50) 

17< 

22) 

X=285 

K 

1 ) 

19< 

19) 

0< 

19# 

0) 

24 < 

24) 

o< 

2) 


- 


- 


- 

2< 

2) 

2( 

2) 

24 ( 

50) 

22 ( 

24) 

X=300 

0< 

1) 

14( 

18) 

4( 

1Q> 

0) 

31 ( 

31) 


- 


- 


- 


- 


- ■ 


- 

19( 

50) 

14( 

19) 

X»315 

2( 

2> 

13( 

19) 

6( 

19» 

0) 

29 ( 

29) 


- 


- 


- 


- 


- 


- 

21 ( 

50) 

15( 

21 ) 

X*330 

4 ( 

4 ) 

29( 

29) 

0( 

29 f 

0) 

17< 

17) 


- 


- 


- 


- 




- 

33 < 

50) 

33 ( 

33) 

X«=345 

4 ( 

4 ) 

25( 

28) 

3( 

28» 

0) 

16( 

16) 


- 


“ 

0< 

1) 

1< 

1) 


- 


- 

32 < 

50) 

29 < 

32) 

TOTAL 

136< 

137) 

47K 

496) 

25< 

496 » 

0) 

418( 

418) 

20 ( 

27) 

3( 

3) 

5( 

6) 

2< 

2) 

70( 

71) 

40< 

40) 

734(1200) 

700 < 

734) 


t CELL 

WIND SPEED 12.0 THETA BEAMS l»2t3: 29.0 22.0 29.0 


MAXIMUM LIKELIHOOD ESTIMATES 

CLASS 1 2 , 3 4 5 6 ■ 7 8 9 TOTALS 

t*$tt*t*%9ftt%tt*ttt*ttttt*tf*tt***t*tttt*tt**t**t*tttt*t*t*tt***ttt*****t*t*ttt***$**t*t*****4***t$^*i* 

X- 0 1( 1) 29< 29) - A( 6) - - - 14 ( 14) _ 50/ 5o> 


X- 0 

1( 

1) 

29 < 

29) 


- 

6( 

6) 


- . 


- 



14( 

14) 


_ 

50 ( 

SO) 

RHO- 

-.271 

X« 15 

20 ( 

20) 

26 ( 

26) 

3( 

3) 


- 


- 


_ 



0( 

1) 



49 ( 

50) 

RHO- 

- . 

X= 30 

21< 

21) 

22< 

22) 

6( 

7> 


- 

r 

- 


- 


- 




- 

49( 

SO) 

RHO= 

. 188 

X= 45 

5< 

5) 

30 ( 

32) 

8( 

13) 


- 


- 


- 


- 


_ 


_ 

43< 

50) 

RHQ:: 

.111 

X» 60 

3( 

3) 

29 < 

29) 

17( 

18) 


- 


- 


- 


- 


_ 


_ 

49 < 

50) 

RHO= 

.272 

X« 75 


“ 

22 < 

22) 

2K 

21) 

2< 

3) 


- 


- 



1( 

1) 

3( 

3) 

49 < 

50) 

RHO= 

.462 

X* 90 

. 1< 

1) 

12( 

12) 

9( 

9) 

9< 

9) 


- 


- 


- 

7( 

7) 

12( 

12) 

50 < 

50) 

RHO= 

.393 

X=105 


- 

16( 

17) 

28 ( 

29) 

2< 

2) 




- 


- ■ 

1( 

1) 

K 

1) 

48< 

50) 

RHO=^ 

.091 

X=120 

K 

1) 

12( 

12) 

37( 

37) 


- 


- 


- 


- 


. - 



50 < 

SO) 

RHO = 

.038 

X=135 

6< 

6) 

1S< 

16) 

25 < 

28) 


- 


- 


- 


- 


- 


- 

46 ( 

50) 

RHO= 

.066 

X»150 

S( 

5) 

26< 

27) 

15< 

18) 


- 


- 


- 


- 


- 


_ 

46 ( 

SO) 

RHO= 

-.287 

X»165 

6( 

6) 

21< 

22) 

8( 

10) 


•- • 

1( 

1) 

3( 

3) 


- 

6( 

6) 

2< 

2) 

47 ( 

50) 

RHO= 

-.438 

X«1B0 

t< 

1) 

12( 

12) 

6( 

8) 


• - 

2< 

2) 

2< 

2) 


- 

23 < 

23) 

2< 

2) 

48( 

50) 

RHO- 

-.370 

Xei95 

24 ( 

24 > 

14( 

14) 

6< 

6) 


- 


- 


- 

1( 

1) 

4( 

4) 

K 

1) 

50 < 

SO) 

RHO= 

-.206 

Xa210 

14( 

14) 

21< 

22) 

13( 

14) 


- 


- 


- 


- 


- 



48 < 

50) 

RHQ::* 

.029 

X-225 

IT< 

11) 

20 < 

21) 

18( 

18) 


- 


- 


- 


- 


- 


_ 

49 ( 

50) 

RHO= 

. 191 

X*240 

4( 

4) 

22 < 

24) 

21 ( 

22) 


- 




- 


- 


- 


_ 

47( 

50) 

RHO= 

.030 

X=255 

2< 

2) 

18( 

18) 

22 ( 

24) 

1( 

1) 


- 


- 


- 



5< 

5) 

48( 

50) 

RHO- 

.535 

X«270 


- 

5< 

6) 

16( 

16) 

3< 

4) 


- 


- 


- 

12( 

12) 

12( 

12) 

48 ( 

50) 

RHO= 

.359 

X-285 

1( 

1) 

19< 

19) 

2K 

24) 

2< 

.2) 


- 


- 


- 

2< 

2) 

2( 

2) 

47 ( 

50) 

RHO= 

.032 

X**300 

0( 

1) 

14( 

18) 

28 ( 

31) 


- 


- 


- 


- 


- 


- 

42< 

50) 

RHO= 

-.510 

X*31S 

2< 

2) 

13< 

19) 

21( 

29) 


- 


- 


- 


- 


- 


- 

36 ( 

50) 

RHO= 

-.450 

X«330 

4( 

4) 

29 < 

29) 

16( 

17) 


— 


- 


- 




_ 


_ 

49 < 

50) 

RHO- 

-.382 

X-34S 

4( 

4) 

27 < 

28) 

16( 

16) 




- 

1( 

1) 

K 

1) 


- 


- 

49< 

50) 

RHO= 

-.360 

TOTAL 

136( 

137)-- 

474 ( 

496) 

38K 

418) 

25 « 

27) 

3( 

3) 

6< 

6) 

2( 

2) 

70 ( 

71) 

40 ( 

40)1137(1200) 

■- 



123 



TABLE 17 


24 M/S, 


1 CELL 


29 


o 


1 CELL 


UINti SPEED 24.0 THETA BEAHS If2r3: 27.0 22.0 29.0 


SELECTION BY OBJECTIVE CRITERIA 

CLASS 1* 2A* 2B 3 4$ 5* 6 7 8* 9 UNIQUE CORRECT 

»««4**««««*«****««*«*«**»*«****«*««*«********«***********«*****************************************^***^^**^^^*****^*********t«**« 


X» 0 

10( 

10) 

4( 

4) 

K 

At 

-1) 

16( 

16) 

16( 

16) 


- 


• - 

3( 

3) 

1( 

1 ) 


- 

3K 

50) 

3K 

31 ) 

X=* 15 

27 ( 

27) 

10( 

10) 

0( 

lOt 

0) 

9( 

9) 

4< 

4) 


- 


- 


- 


- 


- 

41( 

50) 

4K 

41 ) 

X* 30 

23 ( 

23) 

20 ( 

20) 

0( 

20 f 

0) 

7< 

7) 


- 


- 


- 


- 


- 


- 

43( 

50) 

43< 

43) 

Xa 45 

S( 

5) 

33 ( 

33) 

0< 

33 r 

0) 

12( 

12) 


- 


- 


- 


- 


- 


- 

33( 

50) 

38 ( 

38) 

X- 60 

3< 

3) 

31( 

31) 

0( 

31r 

0) 

16< 

16) 


• - 


- 


- 


- 


- 


- 

34< 

50) 

34 ( 

34) 

X* 75 


« 

14( 

15) 

1( 

15f 

0) 

29 < 

29) 

6( 

6) 


- 


- 


- 


- 


- 

2K 

SO) 

20 < 

21) 

X« 90 

3( 

3) 

10( 

10) 

S( 

10 > 

-5) 

16( 

16) 

21( 

21) 


- 


- 


- 


- 


- 

34 ( 

50) 

34 < 

34) 

X»10S 

9( 

9) 

IK 

11) 

0( 

Ilf 

0) 

26 ( 

26) 

4< 

4) 


- 


- 


■ - 


- 


- 

24 < 

SO) 

24< 

24) 

X»120 

3( 

3) 

10( 

11) 

K 

Ilf 

0) 

36 ( 

36) 


— 


- 


- 


— 


■ - 


— ' 

14< 

50) 

13( 

14) 

X<^13S 

2( 

3) 

18( 

20) 

2( 

20 f 

0) 

27 < 

27) 


- 


- 


- 


- 


- 


•- 

23 < 

50) 

20 < 

23) 

X«150 

10( 

10) 

31( 

31) 

0( 

31f 

0) 

9< 

9) 


- 


- 


- 


- 


- 


- 

4K 

50) 

4K 

41) 

X=*165 

9( 

9) 

10( 

11) 

0( 

Ilf 

1) 

3( 

3) 


- 

10< 

10) 

13( 

13) 

2< 

2) 

K 

1) 

K 

1) 

3K 

50) 

30 ( 

31) 

X=180 

1< 

1) 

4( 

5) 

0( 

5f 

1) 

K 

1) 


- 

K 

1) 

17( 

17) 

K 

1) 

22 < 

23) 

K 

1) 

30( 

50) 

28 ( 

30) 

X=19S 

14< 

14) 

4( 

4) 

0( 

4 r 

0) 

K 

1) 



3( 

3) 

6( 

6) 

19( 

19) 

K 

1) 

2( 

2) 

22 < 

50) 

22( 

22) 

X=210 

20( 

20) 

16( 

19) 

3< 

19f 

0) 

IK 

11) 


- 


- 


- 


- 


- 


■- 

39 ( 

50) 

36 ( 

39) 

X=225 

26 ( 

26) 

20 ( 

20) 

0< 

20 f 

0) 

4( 

4) 


- 


- 


- 


- 


- 


- 

46( 

50) 

46< 

46) 

X*240 

13( 

13) 

19< 

20) 

. K 

20 f 

0) 

17( 

17) 


- 


- 


- 


- 


- 


- 

33< 

50) 

32 < 

33) 

X»255 

1( 

1) 

9< 

9) 

0< 

9f 

0) 

IK 

11) 

0( 

28)' 


- 


- 


- 


- 

K 

1) 

38 ( 

50) 

10( 

38) 

X*270 


- 


- 



- 

K 

1) 

0( 

26) 


- 


- 


- 

IK 

11) 

12< 

12) 

37 ( 

50) 

IK 

37) 

X-285 

7( 

7) 

5< 

5) 

0( 

Sf 

0) 

IK 

11) 

0( 

25) 


- 


- 


- 

K 

1) 

K 

1) 

38 ( 

50) 

13( 

38) 

X=300 

3< 

3) 

18< 

19) 

K 

I9f 

0) 

28 ( 

28) 


- 


- 


- 


- 


- 


■- 

22( 

50) 

2K 

22 ) 

X*315 

2< 

2) 

19< 

19) 

0( 

19f 

0) 

29 < 

29) 


- 


- 


- 


- 


- 


- 

2K 

50) 

21( 

21) 

X=330 

13< 

IS) 

23( 

24) 

K 

24, 

0) 

IK 

11) 


- 


- 


- 


• - 


- 


- 

39 ( 

50) 

36( 

39) 

X*345 

8( 

8) 

29( 

29) 

3< 

29 f 

-3) 

10< 

10) 


- 




- 

. 2( 

2) 

K 

1) 


~ 

38 ( 

50) 

38 ( 

38) 

TOTAL 

212< 

215) 

368 < 

380) 

19< 

380 f 

-7) 

34K 

341) 

SK 

130) 

14( 

14) 

36 < 

36) 

27 ( 

27) 

33 ( 

39) 

18( 

18) 

778 <1200) 

683 ( 

778) 


1 CELL 


HIND SPEED 24.0 THETA BEAHS 1»2»3: 29.0 22.0 29.0 

HAXIHUN LIKELIHOOD ESTIMATES 

CLASS 12 3 4 5 6 7 8 9 TOTALS 

»*0************************«********************************»***i*************#»*»******^*******$***<^#** 


X« 0 

10( 

10) 

4( 

4) 

16( 

16) 

X« 15 

27( 

27) 

10< 

10) 

9( 

9) 

X- 30 

23 ( 

23) 

20 ( 

20) 

7( 

7) 

X* 45 

5( 

5) 

33< 

33) 

10( 

12) 

X- 60 

3( 

3) 

3K 

31) 

1S( 

16) 

X- 75 


- 

15( 

IS) 

29( 

29) 

X« 90 

3( 

3) 

10( 

10) 

16( 

16) 

X«10S 

9< 

9) 

IK 

11) 

25 < 

26) 

X»120 

3( 

3) 

10( 

11) 

35( 

36) 

X=135 

2( 

3) 

17( 

20) 

26 ( 

27) 

Xi=150 

10( 

10) 

30< 

31> 

9< 

9) 

)^-165 

9< 

9) 

IK 

11) 

3( 

3) 

X«180 

K 

1> 

S< 

5) 

0( 

1) 

X»195 

14( 

14) 

4( 

4) 

0( 

1) 

X«210 

20< 

20) 

17( 

19) 

8( 

.11) 

X*225 

26< 

26> 

19( 

20) 

4( 

4) 

X-240 

13( 

13) 

19< 

20) 

17( 

17) 

X-255 

K 

11 

9< 

- 9) 

10< 

11) 

X«270 


- 


- 

K 

1) 

X*285 

7< 

7) 

5( 

5) 

9< 

11) 

X^300 

3< 

3) 

18( 

19) 

25< 

28) 

X«315 

2< 

2> 

I9< 

19) 

24 < 

29) 

X>330 

14( 

13) 

24< 

24) 

10( 

11) 

X*345 

B< 

8) 

29« 

29) 

10( 

10) 

TOTAL 

213( 

215) 

370t 

380) 

318( 

341) 


16< 

16) 


- 


- 

2< 

3) 

4 ( 

4) 


- 


- 


- 


: 


: 


~ 



6< 

6) 


- 


- 



2K 

21) 


- 


_ 


_ 

4 ( 

4 ) 


: 


- 


- 


: 

10( 

10) 

13( 

13) 

2< 

2) 


- 

K 

1) 

17( 

17) 

K 

1) 


- 

3( 

3) 

6( 

6) 

19< 

19) 


13( 28> 

13( 24) 

14( 25) 


- - 2 ( 2 ) 
91C 130) 14< 14) 36( 36) 26< 27) 


K 

1) 


- 

49( 

50) 

RHO= 

-.438 


- 


- 

50 ( 

50) 

RHO= 

-.590 


- 


- 

50 ( 

50) 

RHO- 

-.068 


- 


- 

48< 

50) 

RMO = 

.387 


- 


- 

49< 

50) 

RHO= 

. 169 


- 


- 

S0( 

50) 

RHO= 

.533 


- 


- 

50( 

50) 

RHO=» 

.054 


- 


- 

49 ( 

50) 

RHO= 

-.097 


- 


- 

48( 

50) 

RHO= 

-.165 


- 


- 

45( 

50) 

RHO= 

-.152 


- 


- 

49 ( 

50) 

RHO= 

-.066 

1( 

1) 

K 

1) 

50 < 

SO) 

RHO= 

-.651 

22< 

23) 

K 

1) 

48( 

50) 

RHO- 

-.166 

1( 

1) 

2( 

2) 

49 ( 

50) 

RHO= 

-.120 


- 


- 

45 < 

SO) 

RHO=* 

.006 


- 


- 

49( 

50) 

RHO= 

.210 


- 


- 

49 ( 

50) 

RHO= 

.051 


- 

K 

1) 

34 ( 

50) 

RHO= 

.580 

IK 

11> 

12( 

12) 

37 ( 

50) 

RHO= 

.204 

K 

1) 

K 

1) 

37( 

50) 

R-HO== 

.112 


- 


- 

46C 

50) 

RHO- 

-.463 


- 


- 

45( 

50) 

RHO= 

-.298 


- • 


- 

48( 

50) 

RHO= 

-.075 

1( 

1) 


~ 

50 < 

50) 

RHO= 

-.479 

38 ( 

39) 

18( 

ie>K 

124< 

1200) 
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TABLE 18 39°, 4 M/S, 1 CELL 


1 CELL 


UJNO SPEED 4.0 THETA BEAHS Ir2r3: 39*0 30.5 39.0 

SELECTION BY OBJECTIVE CRITERIA 

CLASS 1* 2A» 2B 3 4* 5» A 7 8* V UNIQUE CORRECT 

tt***t*ttt*n**tt**t*ttt***t1^********tt*t**t*tt*t*t***ti^******t****t*ii*tt********ttttM***$********.***t**t***^t*t***t*************ttt 


X« 0 


- 


- 



- 

2( 

2) 

0< 

2) 

1( 

1) 

1( 

1) 

1A( 

ia> 

2( 

3) 

23 ( 

23) 

A( 

SO) 

3< 

A) 

X* 15 


- 

1< 

1) 

0< 

Ir 

0) 

4( 

4) 

0< 

2) 


- 

K 

1) 

24( 

27) 

A( 

7) 

8( 

8) 

10( 

SO) 

7( 

10) 

X= 30 

1( 

1) 

ie< 

18) 

0( 

18> 

0) 

2A( 

2A) 


- 


- 


>- 

S( 

5) 


- 


- 

19( 

SO) 

19< 

19) 

X= 45 


- 

IK 

12) 

1( 

12» 

0) 

38 ( 

38) 


- 


- 


- 


- 


- 


- 

12( 

50) 

IK 

12) 

X= AO 

1( 

1> 

2( 

2) 

0( 

2» 

0) 

32 ( 

33) 

0( 

2) 


- 


•* 

A( 

A) 

0< 

4) 

K 

2) 

9( 

SO) 

3( 

9) 

X= 75 

0( 

1) 

0< 

1 ) 

K 

Ir 

0) 

3< 

3) 


“ 


- 


- 

20 ( 

22) 

K 

4) 

17 ( 

19) 

A< 

50) 

1 ( 

A) 

X- 90 


- 


- 



- 


- 


- 

2< 

2) 

2< 

2) 

10< 

14) 

17< 

19) 

IK 

13) 

2K 

SO) 

19< 

21 ) 

X=105 

1( 

1) 

1< 

1) 

0( 

If 

0) 

1( 

1 ) 


- 

2< 

2) 

8( 

8) 

14( 

15) 

13( 

14) 

7( 

8) 

18( 

SO) 

17< 

18) 

X«120 

3( 

5) 

5< 

5) 

0( 

Sf 

0) 

19< 

19) 


- 


- 

2< 

2) 

1A( 

1A> 


- 

2( 

3) 

10( 

50) 

8< 

10) 

X»135 


- 

3( 

7) 

2( 

7t 

2) 

39 < 

40) 


- 


- 


- 

3( 

3) 


- 


- 

7< 

50) 

3< 

7) 

XslSO 

1( 

1) 

2< 

A) 

3( 

At 

1) 

38< 

39) 


- 


- 


- 

4< 

4) 


- 


- 

7( 

50) 

3( 

7) 

X»1A5 

2< 

2> 

5< 

8) 

2< 

8» 

1) 

23 < 

25) 

1( 

1) 


- 


- 

10< 

10) 


- 

4( 

4) 

IK 

50) 

8( 

11) 

X»180 


- 

2( 

4), 

2( 

4f 

0) 

12( 

19) 

K 

1) 


- 

0< 

1) 

17( 

17) 

0( 

1) 

5< 

7) 

A( 

50> 

3( 

A) 

X»195 


- 

0( 

2) 

2( 

2» 

0) 

23 < 

33) 


- 


- 


- 

IK 

11 ) 


- 

3( 

4) 

2( 

50) 

0( 

2) 

Xs210 


- 

1< 

3) 

2( 

3r 

0) 

43( 

47) 


- 


- 


- 


- 


- 


- 

3( 

50) 

K 

3) 

X=225 


- 

3< 

4) 

1< 

Af 

0) 

41< 

4A) 


- 


- 


- 


- 


- 


- 

4( 

50) 

3( 

4) 

X»240 

0( 

1) 

0< 

6) 

6< 

6 F 

0) 

32 ( 

40) 


- 


- 


- 

0( 

1 ) 

K 

1) 

K 

1 ) 

8( 

50) 

1 ( 

8) 

X*255 

0( 

1> 

0( 

A) 

4( 

A r 

2) 

23 ( 

25) 

1< 

1 ) 


- 


- 

10< 

11) 

K 

2) 

4( 

4) 

10( 

50) 

2( 

10) 

X«270 

1< 

1) 

0< 

3) 

3( 

3r 

0) 

19< 

20) 

1< 

1) 


- 


- 

1S( 

18) 

0( 

2) 

5< 

5) 

7( 

50) 

2( 

7) 

X*28S 

2< 

3> 

1( 

5) 

4( 

5f 

0) 

2A< 

27) 


- 


- 

0< 

1) 

9< 

10) 

0( 

1) 

3< 

3) 

9< 

50) 

3( 

9) 

X»300 

0( 

2> 

2( 

4) 

2< 

4r 

0) 

39 ( 

41) 


- 


- 


- 

3( 

3) 


- 


- 

A< 

50) 

2( 

A) 

X»31S 

3< 

3> 

5< 

9) 

4( 

9f 

0) 

37 < 

38) 


- 


- 


- 


- 


- 


- 

12< 

50) 

8( 

12) 

X«330 

1< 

1) 

0( 

1) 

1< 

If 

0) 

29 < 

32) 


- 


- 


- 

12< 

13) 


- 

3( 

3) 

2( 

SO) 

K 

2) 

X*345 


- 

K 

1) 

0( 

If 

0) 

4( 

7) 


- 

1( 

1) 

4< 

4) 

20 < 

23) 

K 

1) 

12( 

13) 

3< 

SO) 

3( 

3) 

TOTAL 

1A< 

24) 

A3< 

109) 

40< 

109f 

6) 

553 ( 

AOS) 

4< 

10) 

A( 

A) 

18< 

20) 

225 ( 

247) 

42< 

59) 

109 < 

120) 

200 <1200) 

13K 

208) 


I CELL 

UINO SPEED 4.0 THETA BEAMS 1»2»3; 39.0 30.5 39.0 

MAXIMUM LIKELIHOOD ESTIMATES 


n 


1 


2 


3 


4 


5 


A 


7 


8 


9 

TOTALS 



ttt**t***tttW****t*tt*tA*************ttttA*****ttt****t*t*t**t*tt*tt*t*t***t*t*****t*****Att**tA***t**** 



X= 0 




- 

2< 

2) 

2< 

2) 

K 

1) 

K 

1) 

18( 

18) 

3< 

3) 

23 < 

23) 

50< 

50) 

RHO* 

-.728 

X- 15 



K 

1) 

3< 

4) 

2< 

2) 


- 

K 

1) 

2A( 

27) 

7< 

7) 

8( 

8) 

48 ( 

50) 

RHO= 

-.032 

X- 30 

K 

1) 

18< 

18) 

23 < 

2A) 


- 


- 


- 

5( 

5) 


- 


- 

47< 

50) 

RHO= 

.581 

X^ 45 



A( 

12) 

23 ( 

38) 


- 


- 


- 


- 


* 


- 

29 < 

50) 

RHOa 

.558 

Xs AO 

0( 

1) 

K 

2) 

IK 

33) 

2( 

2) 


- 


- 

5< 

A) 

3< 

4) 

K 

2) 

23 < 

50) 

RHO= 

.A51 

X= 75 

0< 

1) 

0< 

1) 

K 

3) 


- 


- 


- 

17( 

22 ) 

4< 

4) 

17( 

19) 

39( 

50) 

RHQa 

.4A4 

Xa 90 






_ 


- 

2< 

2) 

2< 

2) 

14( 

14) 

19< 

19) 

13( 

13) 

50 < 

50) 

RMO* 

.553 

X«10S 

K 

1) 

K 

1) 

K 

1) 


- 

2( 

2) 

8( 

8) 

15( 

15) 

14< 

14) 

8( 

8) 

50 ( 

50) 

RHO* 

.499 

X»120 

3( 

5) 

5< 

5) 

14( 

19) 


- 


- 

2< 

2) 

12( 

lA) 


- 

3< 

3) 

39 < 

50) 

RHO* 

.797 

X«135 



4< 

7) 

32 < 

40) 


- 


- 


- 

0< 

3) 


- 


- 

3A< 

50) 

RHO= 

-.082 

XalSO 

K 

1) 

4( 

A) 

2A( 

39) 


- 


- 


- 

4( 

4) 


- 


- 

35 ( 

50) 

RHO= 

-.588 

X*1A5 

2( 

2) 

A< 

8) 

19< 

25) 

0< 

1) 


- 


- 

4< 

10) 



0( 

4) 

3K 

50 ) 

RHOa 

- . 8A4 

Xal80 



4< 

4) 

12( 

19) 

K 

1) 


- 

K 

1) 

15( 

17) 

K 

1) 

4< 

7) 

38 ( 

50) 

RHOa 

-.550 

X*195 


_ 

K 

2) 

29 ( 

33) 


- 


- 


- 

7( 

11) 


- 

4( 

4) 

4K 

50) 

RHOa 

-.555 

X«210 


_ 

3< 

3) 

42< 

47) 


- 


- 


- 


- 


- 


- 

45 ( 

50) 

RHO= 

-.035 

Xa225 



4( 

4) 

30 ( 

4A) 


- 


- 


- 


- 


- 


- 

34 < 

50) 

RHO- 

• A33 

X»240 

0( 

1) 

3( 

A) 

28 ( 

40) 


- 


- 


- 

0( 

1) 

0( 

1 > 

K 

1) 

32( 

50) 

RHO= 

.717 

Xa255 

1< 

1) 

K 

A) 

18( 

25) 

0< 

1) 


- 


- 

5( 

11) 

K 

2) 

K 

4) 

27 < 

50) 

RHO- 

.A59 

X«270 

K 

1) 

2( 

3) 

14( 

20) 

K 

1) 


- 


- 

5< 

18) 

0< 

2) 

0< 

5) 

23 ( 

50) 

RHO- 

.54A 

Xa265 

2< 

3) 

K 

5) 

18( 

27) 


- 


- 

0< 

1) 

8( 

10) 

0< 

1.) 

0( 

3) 

29 ( 

50) 

RHO- 

.183 

X«300 

0< 

2) 

3( 

4) 

30 ( 

41) 


- 


- 


- 

3< 

3> 


- 


- 

3A< 

50) 

RHO- 

.275 

X«315 

3< 

3) 

5< 

9) 

28< 

38) 


- 


- 


- 


- 


- 


- 

3A( 

50) 

RHO- 

-.A43 

X»330 

1( 

1) 

1< 

1) 

2A( 

32) 


- 


- 


- 

13( 

13) 


- 

3( 

3) 

44< 

50) 

RHO- 

-.757 

Xb345 



K 

1) 

3( 

7) 


- 

K 

1) 

4< 

4) 

23 ( 

23) 

K 

1) 

13( 

13) 

4A( 

SO) 

RHO- 

-.755 

TOTAL 

1A( 

24) 

75< 

109) 

433( 

AOS) 

8( 

10) 

A< 

A) 

19< 

20) 

199 ( 

247) 

53 ( 

59) 

99 ( 

120) 

908(1 

200) 




125 


TABLE 19 39 


4 M/S, 5 CELLS 


o 

> 



WIND SPEED 4.0 THETA BEAMS If2f2t 39.0 30.5 39.0 


MAXIMUM LIKELIHOOD ESTIMATES 

CLASS 123456789 TOTALS 

tn*$it****t**t*tt**t*tt***********t****t********ttt**t*t**t*t******ttt**tt***************t*tt********t**t* 


X« 0 


- 


- 


- 


- 


- 

1( 

1) 

25 ( 

26) 

3( 

3) 

20 ( 

20) 

49( 

50) 

RHO= 

-.798 

X« IS 


- 


- 


- 


- 

1( 

1) 

5( 

5) 

42< 

42) 

1 ( 

1) 

1 ( 

1 ) 

50 ( 

50) 

RHO= 

.074 

X» 30 

13( 

13) 

10( 

10) 

27 < 

27) 


- 


- 


- 


- 


- 


~ 

50 ( 

50) 

RHO=« 

.619 

X* 45 

1< 

1 ) 

22< 

24) 

23< 

25) 


- 


- 


- 


- 


- 


- 

46( 

SO) 

RHO= 

.505 

X» 60 

6< 

6) 

8< 

8) 

24 ( 

33) 


- 


- 


- 

2< 

3) 


- 


- 

40( 

50) 

RHO= 

.438 

X» 75 


- 


- 

0< 

1 > 

4( 

4> 


- 


- 

31( 

34) 

7< 

7) 

4( 

4) 

46( 

50) 

RHO= 

.505 

X» 90 


- 


- 


- 


- 

4< 

4) 

10( 

10) 

3( 

3) 

26 < 

26) 

7( 

7) 

50 ( 

50) 

RHO= 

.699 

X«105 

2( 

2) 


- 


- 


- 

13< 

13) 

8( 

8) 

23( 

23) 

3( 

3) 

1 ( 

1 ) 

50 < 

50) 

RHO= 

.756 

X«120 

17< 

17) 

3( 

3) 

22 < 

22 ) 


- 


- 


- 

8( 

8) 


- 


- 

50 ( 

50) 

RHO= 

.240 

X=135 

3( 

3) 

10< 

11) 

3S< 

36) 


- 


- 


- 


- 


- 


- 

48( 

50) 

RHO* 

-.395 

XalSO 

16< 

16) 

S( 

S> 

29 ( 

29) 


- 


- 


- 


- 


- 


- 

50 < 

50) 

RHO= 

-.582 

X«165 

6( 

6) 

4< 

4) 

28 ( 

29) 

2i 

2) 


- 


- 

8( 

9) 


- 


- 

4B( 

50) 

RHO» 

-.841 

XelBO 


- 

7( 

8). 

23 ( 

23) 

2( 

2) 


- 


- 

14( 

16) 


- 

1( 

1) 

47( 

50) 

RHOs 

-.775 

X»195 


- 

3( 

3) 

36 < 

36) 

1< 

1) 


- 


- 

9< 

10) 


- 


~ 

49< 

50) 

RHO=» 

-.355 

X»210 

6( 

6) 

14< 

14) 

30 ( 

30) 


- 


- 


- 


- 


- 


- 

S0< 

50) 

RHO=» 

.503 

X-225 

1( 

1) 

10< 

10) 

36 ( 

39) 


- 


- 


- 




- 


- 

47( 

50) 

RHO- 

.726 

X*240 


- 

8< 

11) 

32< 

39) 


- 


- 


- 


- 


- 


- 

40< 

50) 

RHO=» 

.680 

X-255 

0( 

1) 

10< 

12) 

21( 

22 ) 

1( 

1) 


- 


- 

9( 

14) 


- 


- 

41< 

50) 

RHO= 

.498 

X=270 

1< 

1) 

1< 

1) 

15< 

20) 

2( 

3) 


- 



14( 

24) 

0( 

1 ) 


- 

33( 

50) 

RHU = 

,617 

X=285 

13( 

14) 

4( 

4) 

22( 

25) 

. 2< 

2) 


- 


- 

5< 

5) 


- 


- 

46( 

50) 

RHO= 

.509 

X-300 

2( 

4) 

8( 

12) 

20 ( 

34) 


- 


- 


- 


- 


- 


- 

30 ( 

50) 

RHO- 

-.378 

X«31S 

13< 

13) 

S< 

5) 

29 < 

32) 


- 


- 


- 


- 


- 


- 

47( 

50) 

RHO= 

-.832 

X«330 

22 < 

22) 

4< 

4) 

20 ( 

22) 


- 


- 


- 

2( 

2) 


- 


- 

48< 

50) 

RHO- 

-.001 

X=345 


- 


- 

i< 

1) 


- 


- 

1( 

1) 

44< 

44) 

1( 

1) 

3( 

3) 

50 ( 

50) 

RHO= 

-.874 

TOTAL 

122< 

126) 

136( 

149) 

473< 

525) 

14( 

15) 

18( 

18) 

25 ( 

25) 

239 ( 

263) 

4l( 

42) 

37( 

37)1105(1200) 




126 





TABLE 20 


39 


o 


.8 ^^S, 1 CELL 


1 CELL 


UIND SPEED 8.0 THETA BEAHS lf2»3: 39.0 30.5 39,0 






2A* 



2B 

SELECTION 

BY OBJECTIVE 

CRITERIA 


A 


7 


84 

4-444444 4 

9 

UNIQUE 

CORRECT 

CLASS 


1* 





3 

:44444 

:44444i 

K4[|;4444 

4444 

(4t»«44 

4444: 

*4444 

44444 

44444: 

44444 

L«« 444444444444444444444444 

«$«««<! 

[««$«« 


ttttt 


k 4 4 4 4 

44444 


****** 




i ( 

1 ) 

IK 

ID 

e< 

8) 

25 ( 

25) ^ 

l( 4) 

27 ( 

50) 

27( 

27) 

X= 0 
X« 15 

1< 

1) 

1 ( 
3( 

1 > 
3) 

0( 

0( 

1 9 
3» 

0> 

0) 

12< 

- 


- 

K 

1) 

3< 

3) 

39 < 

39) 

2( 

2) 1 

,( 1) 

7< 
38 ( 

50) 

50) 

7( 

37( 

7) 

38) 

X* 30 

20< 

20) 

17< 

18) 

1( 

18r 

0) 

12) 












36 ( 

50) 

35 ( 

36) 

X« 45 

2< 

2) 

33 ( 

34) 

1< 

34r 

0) 

14( 

14) 











_ 

3K 

50) 

29 ( 

31) 

X» 60 
X= 75 

5< 

5) 

24 < 
2< 

26) 

2) 

2( 

0< 

26 f 

2r 

0) 

0) 

19( 

IK 

19) 

ID 

0( 

1) 

2< 

2) 

7< 

7) 

24 ( 
15< 

24) 

15) 

K 

12< 

4) 8( 8) 

13) 13< 13) 

7( 

15( 

50) 

50) 

3( 

14< 

7) 

15) 

Xo 90 
X-105 

4( 

4) 


- 


20* 

- 

3( 

3) 


- 

K 

1) 

K 

1) 

36< 

36) 

j ) 

5< 

5) 


10( 
26 ( 

50) 

50) 

10( 
26 ( 

10) 

26) 

X«120 

6( 

6) 

20 < 

20) 

0< 

0) 

23 ( 

23) 







1 ( 




_ 

19( 

50) 

16( 

19) 

X=135 

8< 

8) 

e< 

11 ) 

3( 

Up 

0) 

3K 

31 ) 


“ 









_ 

23( 

SO) 

2K 

23) 

X«1S0 

18( 

18) 

3( 

5) 

2< 

5f 

0) 

27< 

27) 








5 ) 




21 < 

SO) 

20 < 

21) 

X«16S 

X«lB0 

10< 

4( 

10) 

4) 

10( 

IK 

11) 

13) 

K 

2< 

11> 

13t 

0) 

0) 

24 < 
13( 

24) 

13) 

K 

1) 


- 


- 

^ \ 
19< 

19) 



- 

18( 
27 < 

50) 

50) 

16( 
23 ( 

18) 

27) 

Xs»195 

6( 

6) 

16< 

20) 

4( 

20 p 

0) 

22 < 

22) 

1 ( 

1 ) 





1 < 

1 / 




24 C 

50) 

2K 

24) 

X*210 

6< 

6) 

15< 

18) 

3( 

18p 

0) 

26 ( 

26) 


“ 










24 < 

50) 

18( 

24) 

X»225 

5< 

5) 

13( 

19) 

5( 

19p 

1) 

26 < 

26) 


“ 










20 ( 

50) 

16( 

20) 

X-240 

1( 

1) 

15< 

19) 

4( 

19p 

0> 

30 < 

30) 

K 






3 { 





20 ( 

50) 

18( 

20) 

X*255 

S( 

6) 

12< 

13) 

2( 

13p 

-1) 

27 ( 

27) 

1 ) 





^ A i 

f 

DA > 




7( 

50) 

7( 

7) 

X»270 

3< 

3) 

2< 

2) 

1< 

2p 

-1) 

19< 

19) 

2( 

2) 


“ 



i 




_ 

17< 

50) 

17( 

17) 

X»28S 

7< 

7) 

9< 

9) 

0( 

9p 

0) 

30< 

30) 

K 

1) 


“ 




<3 / 




19< 

50) 

1S( 

19) 

X-300 

3( 

3) 

12< 

16) 

4( 

16p 

0) 

3K 

31 ) 


~ 









_ 

27 < 

50) 

27 ( 

27) 

X«315 

19< 

19) 

8< 

8) 

0< 

8p 

0) 

23 ( 

23) 


“ 









_ 

20 ( 

50) 

19( 

20) 

X»330 

X-345 

1S< 

IS) 

4< 

2( 

5) 

2) 

1( 

0( 

5p 

2p 

0) 

0) 

30 < 
5< 

30) 

5) 

0< 

5) 

K 

1) 

K 

1) 

25 ( 

25) 

K 

2) ' 

?( 9) 

10( 

50) 

4( 

10) 

TOTAL 

148( 

149) 

240 < 

275) 

36 ( 

275 p 

-1) 

446 ( 

446) 

6( 

12) 

6( 

6) 

23 < 

23) 

203 < 

203) 

46( 

51) 35< 35) 

493<1200) 

446( 

493) 


I CELL 

yiNO SPEED 8.0 THETA BEAHS 1»2»3S 39.0 30.5 39.0 


MAXIMUH LIKELIHOOD ESTIMATES 

CLASS 123456789 TOTALS 

t**t$t***t**t**tt**ttt*t*tttttttt*tttt*tttt**t****tt***t*.********t********t**t**t*t**t******t************* 


X« 0 



K 

1) 


- 


- 

K 

1) 

IK 

ID 

8( 

8) 

25 < 

25) 

4( 

4) 

50 ( 

50) 

RHQ= 

-.597 

X* 15 

K 

D 

3< 

3) 


- 


- 

K 

1) 

3( 

3) 

39< 

39) 

2< 

2) 

1 ( 

1 ) 

50 < 

50) 

RHO= 

-.389 

X° 30 

20 ( 

20) 

17< 

18) 

IK 

12) 


- 


- 




- 


- 


48< 

50) 

RHO= 

.301 

X» 45 

2« 

2) 

28< 

34) 

IK 

14) 


- 


- 


- 


- 


- 


4K 

50) 

RHO:= 

.544 

X« 60 

5( 

5) 

24 ( 

26) 

17< 

19) 


- 


- 


- 


- 


- 


46( 

50) 

RHO== 

.427 

X- 75 


- 

2( 

2) 

10< 

ID 

K 

D 


- 


- 

23 ( 

24) 

3< 

4) 

8< 

8) 

47( 

50) 

RHO=« 

.509 

X« 90 


- 


- 


- 


- 

2( 

2) 

7( 

7) 

15< 

15) 

13( 

13) 

13( 

13) 

50 < 

50) 

RHO- 

.446 

X»105 

4< 

4) 


- 

3( 

3) 


- 

K 

1) 

K 

1) 

36 < 

36) 

5< 

5) 


50< 

50) 

RHO- 

.183 

X*120 

6( 

6) 

20 ( 

20) 

2K 

23) 


- 


- 


- 

0( 

1) 


- 


47( 

50) 

RHO= 

.098 

X*13S 

8( 

8) 

9< 

ID 

30< 

3D 


- 


“ 


- 


- 


- 


47< 

50) 

RHO- 

,039 

X»1S0 

18< 

18) 

4( 

5) 

27< 

27) 


- 


- 


- 


- 


- 


49< 

50) 

RHO= 

-.569 

X*16S 

10< 

10) 

10( 

ID 

24 ( 

24) 


- 


- 


- 

3( 

5) 


- 


47< 

50) 

RHO- 

-.392 

X*180 

4< 

4) 

12( 

13) 

12( 

13) 

K 

D 


- 


- 

16< 

19) 


- 


45 ( 

50) 

RHO=» 

-.572 

X-195 

6( 

6) 

20( 

20) 

19( 

22) 

K 

1) 


- 


- 

K 

1) 


- 


47( 

50) 

RHO= 

-.425 

X»210 

6( 

6) 

18( 

18) 

2K 

26) 


- 


- 


- 


- 


- 


45( 

50) 

RHO- 

,174 

X«22S 

5< 

5) 

18( 

19) 

22 ( 

26) 


- 


- 


- 


- 


- 


45< 

SO) 

RHO- 

.521 

X-240 

K 

1) 

15( 

19) 

24 ( 

30) 


- 


- 


- 


- 


- 


40< 

50) 

RHO- 

.581 

X-255 

5< 

6) 

12< 

13) 

20 ( 

27) 

K 

1) 


- 


- 

K 

3) 


- 


39 < 

50) 

RHO- 

.624 

X-270 

3( 

3) 

2< 

2) 

16< 

19) 

2( 

2) 


- 


- 

17< 

24) 


- 


40 ( 

SO) 

RHO- 

.724 

X-285 

7< 

7) 

9< 

9) 

26 < 

30) 

K 

1) 


- 


- 

2( 

3) 


- 


45< 

50) 

RHO- 

.510 

X-300 

3( 

3) 

12( 

16) 

26 ( 

31) 


- 


- 


- 


- 


- 


41 < 

50) 

RHO- 

.009 

X-315 

19< 

19) 

8< 

8) 

20 ( 

23) 


- 


- 


- 




- 


47 < 

50) 

RHO- 

-.625 

X-330 

15< 

IS) 

S( 

5) 

28 ( 

30) 


- 


- 


- 


- 


- 


48 < 

50) 

RHO- 

-.409 

X-343 


- 

2( 

2) 

4< 

5) 

5< 

5) 

K 

1) 

K 

1) 

25 ( 

25) 

2< 

2) 

9< 

9) 

49 < 

50) 

RHO- 

-.666 

TOTAL 

148< 

149) 

25K 

275) 

392 < 

446) 

12( 

12) 

6( 

6) 

23 ( 

23) 

186( 

203) 

50 < 

51) 

35 ( 

35)1103< 1 

200) 




127 



\ "1 

TABLE 21 39°, 8 M/S, 1 CELL ± 0.7 DB 



1 CELL WITH 7/XO'S DB ERROR 

WIND SPEED 8.0 THETA BEAMS 1»2»3: 39.0 30.5 39.0 


MAXIMUM LIKELIHOOD ESTIMATES 

CLASS 123456789 TOTALS 

t$t$*$tt$*t*tt***t*t*t*t$**t*t*t******tttt$ttttt**ttttt**t*tttt*t*t*****ttt*t***tt**ili*t*t*Tl^t****t$t**tt*tt 


X= 0 


- 

4( 

4> 

2< 

2) 


- 

1< 

1) 

3< 

3) 

IK 

11) 

20 ( 

20) 

9( 

9) 

50 < 

50) 

RHOa 

-.455 

X= 15 


■ ~ 

6( 

6> 

1( 

3) 


- 


- 

6< 

6) 

16< 

20) 

6( 

6) 

9( 

9) 

44( 

50) 

RHO= 

-.545 

X« 30 

4< 

4) 

15< 

20) 

17< 

24) 


- 


- 


- 

K 

2) 


- 


- 

37< 

50) 

RHOa 

-.053 

X« 45 

0< 

1) 

16( 

23) 

14< 

26) 


- 


- 


- 


- 


- 


- 

30 ( 

50) 

RHOa 

.353 

X* 60 

1( 

1> 

10( 

11) 

27 ( 

36) 


- 


- 


- 

2( 

2) 


. - 


- 

40( 

50) 

RHO« 

• 546 

X« 75 


- 


17< 

20) 


- 


- 


- 

14( 

14) 

5< 

5) 

9< 

11 ) 

45 ( 

50) 

RHQa 

.437 

X» 90 

1( 

1> 

1< 

1) 

3( 

4) 


- 


- 

1( 

1) 

18( 

19) 

7< 

7) 

17< 

17) 

48< 

50) 

RHQa 

.374 

X«105 

2< 

2) 

4< 

4) 

6( 

6) 


- 


- 

3( 

3) 

17( 

20) 

5< 

5) 

10< 

10) 

47( 

SO) 

RHO“ 

-.054 

X=120 

2( 

2) 

14< 

14) 

26 ( 

28) 


- 


- 



5( 

5) 


- 

0( 

1 ) 

47< 

50) 

RHO= 

-.062 

X=135 


- 

IK 

14) 

25 ( 

36) 


- 


- 


- 


- 


- 


- 

36 ( 

50) 

RHQa 

.203 

X=150 

2< 

2) 

9( 

11) 

. 30( 

36) 


- 


- 


- 

K 

1) 


- 


- 

42( 

SO) 

RHOa 

-.342 

X»165 

2( 

2) 

S( 

9) 

26 ( 

30) 

1< 

2) 


- 


- 

1 ( 

7) 


- 


- 

35 < 

50) 

RHOa 

-.245 

X»1B0 

2( 

2) 

4( 

11 ) 

12( 

15) 

1 ( 

2) 


- 


- 

12( 

15) 

K 

1) 

0( 

4) 

32 < 

50) 

RHQa 

-.395 

X=195 

K 

1) 

6( 

15) 

20 ( 

27) 

1< 

1 ) 


- 


- 

S< 

6) 


- 


- 

35 ( 

50) 

RHO= 

-.403 

X=210 

U 

2) 

13( 

16) 

20( 

31) 


- 


- 


- 

K 

1) 


- 


- 

35< 

50) 

RHOa 

-.186 

X«225 

0( 

1) 

10( 

15) 22( 

34) 


- 


- 


- 


- 


- 


- 

32( 

50) 

RHOa 

.467 

X*240 



5< 

9) 

26< 

40) 

1( 

1) 


- 


- 


- 


- 


- 

32( 

50) 

RHO= 

.197 

X«255 

0( 

1) 

7( 

7) 

18( 

32) 


- 


- 


- 

7< 

9) 


- 

0< 

1) 

32 < 

50) 

RHOa 

.571 

X»270 

1( 

1) 

2( 

3) 

10< 

22 ) 


- 


- 


- 

IK 

21) 


- 

K 

3) 

25 ( 

50) 

RHOa 

.538 

X°285 

3( 

3) 

2< 

5) 22< 

34) 

1< 

1) 


- 


- 

3< 

4) 


- 

K 

3) 

32 ( 

50) 

RHOa 

.480 

Xe300 

1( 

1 ) 

3< 

B) 

29 ( 

41) 


- 


- 


- 


- 


- 


- 

33< 

50) 

RHO* 

.016 

X«315 

6( 

6) 

10< 

11) 

26 { 

33) 


- 


- 


- 


- 


- 


- 

42( 

50) 

RHO= 

-.580 

X*=330 

2< 

2) 

4< 

5) 29( 

39) 

1( 

1) 


- 


- 

1< 

2) 


- 

K 

1) 

38 ( 

50) 

RHO= 

-.096 

X*345 


- 

3( 

3) 

9( 

lO) 

0( 

2) 

l< 

1) 

3( 

3) 

12< 

13) 

6( 

7) 

IK 

11) 

45( 

50) 

RHOa 

-.549 

TOTAL 

31 ( 

35) 

166< 

225) 437( 

609) 

6( 

10) 

2( 

2) 

16( 

16) 

138( 

172) 

50 < 

51) 

68 ( 

60) 

914(1 

200) 




128 





TABLE 22 39°, 12 H/S, 1 CELL 


1 CLLL 


H»>iD Snti; 12, C IHCT* iitAHS 1,2.3: 39, c 30. b 39.0 


SLLECI ion or OBJC 


CLASS 


1 • 


2A» 



26 


3 

A* tf 


- 

31 

3) 

Ul 

3, 

0) 



*• 16 

61 

6 ) 

291 

29 ) 

01 

29, 

U) 

61 

6 J 

k* 30 

291 

79) 

171 

1 b 1 

1 1 

18 . 

C) 

fl 1 

8 > 

k« 95 

SI 

6) 

36 1 

37) 

1 1 

37, 

0) 

81 

6 ) 

X* AO 

21 

2) 

3b< 

35 ) 

01 

3S, 

0) 

131 

13)' 

y 75 

71 

7) 

61 

6) 

01 

6 , 

0) 

191 

1 9 ) 

1* 90 


- 


- 




91 

9 ) 

7»in5 

lUl 

101 

71 

7 » 

U1 

7 , 

0) 

161 

I 6 1 

k»)20 

21 

2» 

<6 1 

26 ) 

Ut 

26, 

C ) 

221 

22 ) 

X»I35 

191 

I") 

161 

16) 

01 

lb, 

o 

201 

2U ) 

XM60 

221 

22) 

121 

13) 

1 1 

13, 

U) 

ISf 

15) 

X*16S 

161 

161 

ei 

9) 

1 1' 

9 , 

0) 

191 

)9 ) 

X»1PC 

61 

6) 

6 ( 

7 ) 

1 1 

7 , 

0) 

131 

)3) 

X«19S 

21 1 

21 ) 

101 

1 ) I 

1 ( 

I > 1 

OJ 

1 9 1 

) 9 ) 

X»2I0 

16 1 

16) 

171 

lb) 

1 1 

lb. 

0) 

161 

)6 ) 

X«225 

121 

12) 

201 

21 ) 

1 1 

21 . 

c > 

17 1 

1 7 ) 

k»2"0 

31 

3) 

2SC 

27). 

21 

27 , 

0) 

2nt 

2U) 

k»266 

31 

3) 

2bl 

26) 

21 

26, 

-1 ) 

191 

19 ) 

k»27u 

91 

“ ) 

31 

J) 

1 1 

3i 

-) ) 

2 1 1 

2) ) 

X«2PS 

161 

)6 ) 

91 

)U) 

21 

10. 

-1 » 

22 1 

22 ) 

x*3t0 

bl 

6) 

29 1 

27) 

31 

27, 

0) 

1 7 1 

) 7 ) 

X»3lb 

131 

13) 

8 1 

I0» 

21 

10* 

t'» 

i7 1 

27 1 

)t*330 

1 1 1 

1 1 ) 

161 

17) 

1 1 

17. 

0 » 

221 

22 ) 

k»J95 

6 1 

6) 

121 

19) 

21 

19 . 

0) 

121 

)2) 

total 

2/31 

229 ) 

3661 

3bb > 

231 

36b, 

-3 ) 

36S1 

365 ) 


TIVC CRIUMA 



9. 

• • • • • 




6 


7 


8 * 


9 



61 

6) 

201 

20) 



- 

* • • •• 

201 

9 • • • • 

20) 

11 

• • • •< 

1 ) 



21 

2) 

31 

3) 

81 

8 ) 

1 1 

t ) 









191 

19) 



9( 

9 ) 



1 1 

1 1 

1 1 

1 ) 

161 

16) 

181 

I8-) 

lOl 

lOl 







)91 

19) 

31 

3) 










- 












- 












- 





91 

9) 





21 

2) 





Bt 

8) 





)01 

10) 

71 

7) 



1 1 

1 ) 





31 

3) 












- 






* 






- 






* 






« 






• 





21 

2) 





Si 

5) 





91 

9) 

61 

6) 

31 

3) 


" 





21 

2) 












• 






“ 






• 






■* 






• 





01 

3) 

1 1 

1 ) 

1 1 

1 ) 

)31 

13) 





)bl 

2I| 

101 

10) 

2b 1 

25) 

981 

98) 

691 

59) 

|8| 

1«) 


UNIQvC 


291 

331 

H2t 

mi 

371 

131 

191 

201 

201 

301 

3S1 

291 

271 

331 

3*<1 

331 

301 

291 

171 

261 

331 

231 

281 

291 


Sol 

bol 

601 

S0» 

60) 

60) 

601 

601 

60) 

60) 

60) 

601 

6o) 

501 
50) 
60) 
50) 
60) 
60) 
50 I 
60) 
60 ) 
60) 
60) 


l8| 69911200) 


I O.LL 


NIfiD SPLIT 12.G ThCTA E^AHS It2t3: 39*0 30.S 39.0 


maximum UKLLImOOO ESTimATCS 


CLASS 


1 


2 


3 


9 


5 


6 


7 


8 


9 

totals 


X* . 0 


. 

31 

3) 


. 


- 

6 1 

6 1 

2q1 

201 


- 

301 

?0> 

1 1 

1 ) 

501 

So) 

RhO* -.397 

X« IS 

a 1 

6) 

29 1 

29) 

6 1 

6 ) 


- 

21 

2) 

31 

3) 

81 

6 ) 

01 

1 ) 


- 

991 

Sol 

RhO* -.568 

X» 30 

29 1 

29 » 

16 1 

1 B 1 

7-1 

b ) 


- 


- 


- 


- 


- 


- 

991 

50) 

RHO* -«033 

X* 9b 

bl 

5 1 

3£l 

37 ) 

b 1 

b > 


- 


- 


- 


- 


- 


- 

9bl 

SOI 

RHO* .)IS 

X* 60 

21 

2 ) 

351 

3b ) 

1 3 t 

1 3 ) 


- 


- 


- 


- 


- 


- 

SOI 

5U) 

RhO* *922 

X« 7 b 

7 1 

7 1 

6 1 

6 » 

)9| 

1 9 1 


- 


• 


- 

191 

)9) 


- 

91 

9) 

SOI 

601 

RhO* *97a 

X» 90 


- 


- 

2 1 

9 ) 


- 

1 1 

1 1 

1 1 

1 1 

16 ( 

16 ) 

18( 

18) 

lOl 

lO) 

981 

50) 

RhO* .386 

A*10S 

101 

10) 

7 1 

7 1 

»31 

1 6 1 


- 


- 


- 

i9( 

1 9 ) 

3( 

3) 



97i 

50) 

hhO* -.227 

X«120 

21 

2 ) 

261 

26 ) 

221 

22 ) 


- 


- 


- 


- 





SOI 

50) 

RHO* -.137 

A«13b 

1 9 1 

1 9 ) 

16 1 

16 } 

191 

2UI 


- 


- 


- 


- 


- 



99 1 

50) 

RhO* *072 

X«I60 

221 

22) 

131 

1 3> 

151 

lb) 


- 


- 


- 


- 


- 



SOI 

SO) 

RhO* -.166 

k*l6S 

161 

16 ) 

R 1 

9 ) 

181 

1 9 » 

"1 

9 ) 


• 


- 

1 1 

2) 


- 



971 

50) 

RhO* -.391 

k«180 

bl 

6) 

61 

7 ) 

ICt 

) 3 ) 

b 1 

8 ) 


- 


- 

lOl 

10) 

71 

7) 



961 

So) 

NhO* -.386 

X«l Vb 

/ 1 1 

21 ) 

1 1 1 

1 1 ) 

1 9 1 

1 9 1 

i 1 

1 ) 


- 


- 

21 

3) 


- 



991 

60 ) 

RhO* -.301 

k«21C 

161 

16 ) 

IM 

1 B ) 

1 9 I 

) 6 ) 


- 


- 


- 


- 


• 



981 

50) 

RHO* -.069 

k«226 

121 

12) 

2 1 1 

2 i ) 

171 

1 7 1 


- 


- 


- 


- 


- 



SOI 

50) 

RhO* *280 

A*2'IU 

31 

3) 

261 

27 ) 

191 

20 1 


- . 


- 


- 


- 


• 



97 1 

50) 

RHO* *139 

l•^SS 

31 

3) 

25 1 

26) 

171 

19 ) 


- 


- 


- 

2 1 

2) 


- 



971 

60 ) 

RhO* .sob 

X«27u 

9 1 

9) 

31 

3» 

201 

21 ) 

S| 

b 1 


- 


- 

71 

9) 

9| 

5) 

31 

3| 

961 

SO) 

RhO* *990 

l«28b 

161 

16) 

9 1 

1C » 

221 

22 I 


- 


- 


- 

21 

2 1 


- 



991 

SO) 

RtiO* -.079 

k«3UC 

bl 

6) 

291 

27 » 

191 

1 7 ) 


- 


- 


- 


- 


• 



931 

5u> 

RhO* -.607 

l»3lb 

131 

I 3 ) 

6 1 

10 ) 

27 < 

27 1 


- 


- 


- 


- 


• 



981 

50) 

RhO* »,9a9 

1*330 

1 1 1 

1 1 ) 

171 

17) 

21 1 

22 1 


- 


- 


- 


- 


- 



991 

50) 

RhO* -.367 

k*3M5 

61 

6) 

191 

1 9 1 

121 

1 2 1 

3{ 

it 

1 1 

) ) 

1 1 

1 ) 

|2I 

13) 


- 


- 

991 

SU) 

RmO* -.969 

total 

2231 

229 1 

37 21 

3115 » 

3** 1 C 

J6») 

2 I 1 

71 1 

101 

IfU 

2SI 

?SI 

931 

98 ) 

521 

59) 

,81 

|0) I 1551 

1 2C0) 



CORRECT 

291 *29) 
331 33) 

9|| 921 

9|| 92) 

371 37) 

131 13) 

t9| 19) 

201 20 ) 
2a I 28) 
301 30) 

39| 35) 

281 29) 

2a| 27) 

321 33) 

331 39) 

321 33) 

261 30) 

281 29) 

171 17) 

261 26) 
291 33) 

211 23) 

271 26) 

191 29) 

6701 699) 


129 


TABTE 23 39°, 12 M/S, 


1 CELL ± 0.7 DB 


1 CELL WITH 7/10'S W ERROR 


UIND SPEED 12.0 THETA BEAMS 1,2^21 37.0 30.5 37.0 


SELECTION BY OBJECTIVE CRITERIA 

CLASS 1* 2A* 2B 2 a* 5* 6 7 8* 9 UNIQUE CORRECT 

*«****t****|t******$»»*$lc*$*»»*#*******$***»*****|i***********************»***»*************4'***»*#****T»***4t4»****|[****»*****»***** 


X» 0 


- 

12< 

12) 

0( 

12* 

0) 

6< 

6) 

0( 

1) 

1( 

X-> 15 

2< 

2) 

15< 

16) 

1< 

16t 

0) 

14( 

14) 


- 

K 

X» 30 

4( 

7) 

1S( 

19) 

4C 

17t 

0) 

24 ( 

24) 


- 


X- 45 


- 

15( 

16) 

1< 

16> 

0) 

34 < 

34) 


- 


X« 60 

1< 

1) 

16( 

16) 

0< 

16> 

0) 

31 ( 

31) 


- 


X- 75 


- 

5( 

7) 

1( 

7. 

1) 

17( 

19) 


- 


X« 70 


- 

3( 

4) 

0( 

4» 

1) 

10( 

10) 


- 

1< 

X*t05 

1( 

1) 

5< 

5) 

0< 

Sr 

0) 

25< 

25) 


- 


Xal20 

1< 

1) 

8( 

10) 

0< 

lOr 

2) 

37( 

37) 


- 


X»135 

3( 

4) 

B( 

8) 

0( 

8r 

0> 

38 < 

38) 


- 


X»150 

4< 

4) 

6< 

7) 

2< 

7r 

1) 

35 ( 

35) 

1< 

1) 


X*165 

1< 

1) 

10< 

10) 

0( 

lOr 

0) 

22 < 

22 ) 

4< 

4) 


X«180 

3( 

3) 

3( 

6) 

3( 

6r 

0) 

17< 

17) 

3< 

3) 


X»175 

6( 

7) 

5< 

7) 

2< 

7, 

0) 

26 < 

26) 

2< 

2) 


X-210 

l< 

2) 

16( 

22) 

4( 

22 r 

2) 

26 < 

26) 


- 


X«225 

K 

2> 

10< 

13) 

2( 

13r 

1) 

34 < 

34) 


- 


X»240 

1( 

2) 

10< 

IS) 

4< 

ISr 

1) 

31( 

31) 


- 


X«255 


- 

8( 

10) 

2( 

lOr 

0) 

29 ( 

29) 

1< 

1) 


X-270 

1( 

1) 

5( 

6) 

2< 

6r 

-1) 

18< 

18) 

1( 

1) 


X*285 

2< 

2) 

7< 

9) 

3( 

7r 

“1) 

29 < 

29) 


- 


X»300 


- 

6( 

11) 

5( 

Hr 

0) 

38 ( 

38) 


- 


X-315 

1< 

2) 

7( 

7) 

2( 

7r 

0) 

39 ( 

39) 


- 


X«330 

3( 

3) 

6< 

9) 

2( 

9r 

1) 

34< 

34) 


- 


X»345 

2< 

2) 

4( 

7) 

3( 

7r 

0) 

20 ( 

20) 

0( 

1) 

1( 

TOTAL 

38 < 

47) 

205 ( 

256) 

43< 

256 r 

8) 

636 ( 

636) 

12( 

14) 

4( 


EOF MO 

A* 

1 CELL WITH 0.7DB ERROR 


1) 

1( 

1) 

6( 

6) 

14( 

14) 

9( 

9) 

28 ( 

50) 

27< 

20) 

1) 

2< 

2) 

8< 

8) 

3( 

5 ) 

2< 

2) 

24 < 

50) 

2K 

24) 

- 


- 


- 


- 


- 

26< 

50) 

19< 

26) 

_ 




_ 


- 


- 

16< 

50) 

15( 

16) 

- 


- 

2< 

2) 


- 


- 

17( 

50) 

17( 

17) 

- 


- 

a< 

8) 

3< 

4) 

12< 

12) 

IK 

50) 

B( 

11) 

1) 


- 

13( 

13) 

7< 

8) 

14( 

14) 

13< 

50) 

IK 

13) 

- 

1( 

1) 

10< 

10) 

5( 

5) 

31 

3) 

IK 

50) 

IK 

11 ) 



_ 

2( 

2) 


- 


- 

IK 

50) 

9( 

11) 



_ 


- 


- 


- 

12< 

50) 

IK 

12) 

_ 


_ 


- 


- 

K 

1) 

14< 

50) 

IK 

14) 

- 



3< 

3) 

4< 

4) 

6( 

6) 

19( 

50) 

19< 

19) 

- 


_ 

5< 

5) 

7< 

8) 

8( 

8) 

20 ( 

50) 

16( 

20) 

- 

0( 

1) 

2( 

2) 

2( 

3) 

2( 

2) 

19< 

50) 

15< 

19) 

- 




- 


- 


- 

24< 

SO) 

17< 

24) 

_ 



1( 

1) 


- 


- 

15< 

50) 

IK 

15) 

- 



1( 

1) 


- 

1( 

1) 

17( 

SO) 

IK 

17) 

- 


- 

5( 

5) 


- 

5 ( 

5) 

IK 

SO) 

9< 

11) 

_ 


- 

IK 

11) 


- 

13( 

13) 

8( 

50) 

7( 

8) 

- 


- 

4< 

4) 

1< 

1) 

5 ( 

5) 

12( 

50) 

10< 

12) 

- 


- 

1( 

1) 


- 


- 

IK 

50) 

6( 

11) 

_ 


- 


- 


- 


~ 

IK 

50) 

8( 

11 ) 

- 


- 

. 1( 

1) 

0( 

2) 

1( 

1) 

14( 

50) 

9< 

14) 

1) 


- 

7( 

7) 

4< 

8) 

4( 

4) 

19( 

50) 

IK 

19) 

4) 

4< 

5) 

90 ( 

90) 

50 < 

62) 

86 < 

86) 

383(1200) 

309 < 

383) 


UIND SPEED 12.0 THETA BEAMS l»2r3: 39.0 30.5 39.0 


MAXIMUM LIKELIHOOD ESTIMATES 

CLASS 123456789 TOTALS 

***t**ttt**ttt**t**tA$***9**A*A**t******t*Ai*************$***tt*t*******t****t***AA*t**t***t**A******A**A** 


X« 0 


- 

12< 

12) 

5< 

6) 

0( 

1) 

K 

1) 

K 

1) 

6( 

6) 

14( 

14) 

8< 

9) 

47( 

50) 

RHO= 

-.469 

X* 15 

2( 

2) 

1S( 

16) 

13( 

14) 


- 

K 

1) 

2( 

2) 

7< 

8) 

4< 

5 ) 

2( 

2) 

46( 

50) 

RHO= 

- • 557 

X» 30 

4( 

7) 

14( 

19) 

16( 

24) 


- 


- 


- 




- 


- 

34 ( 

50) 

RHO= 

-.375 

X« 45 


- 

15< 

16) 

23 < 

34) 


- 


- 


- 


- 


- 


- 

38( 

50) 

RHO= 

-.077 

X» 60 

K 

1) 

16( 

16) 

2K 

31) 


- 


- 


- 

2< 

2) 


- 


- 

40< 

50) 

RHO= 

.515 

X« 75 


- 

5< 

7) 

17< 

19) 


- 


- 


- 

B( 

8) 

3( 

4) 

IK 

12) 

44( 

SO) 

RHO* 

.454 

X* 90 


- 

3( 

4) 

6( 

10) 


- 

K 

1) 


- 

12( 

13) 

7( 

8) 

13< 

14) 

42( 

50) 

RHO» 

.078 

X»105 

1( 

1) 

5< 

5) 

22 ( 

25) 


- 


- 

K 

1) 

8( 

10) 

5( 

5) 

2( 

3) 

44( 

SO) 

RHO* 

-.112 

X»120 

1( 

1) 

9< 

10) 

35 ( 

37) 


- 


- 


- 

2( 

2) 


- 


- 

47 ( 

50) 

RHO= 

.142 

X»135 

3( 

4) 

7( 

8) 

28 ( 

38) 


- 


- 


- 


- 


- 


- 

38 ( 

50) 

RHO* 

.037 

X*150 

4( 

4) 

5< 

9) 

26 ( 

35) 

0( 

1) 


- 


- 


- 


- 

K 

1) 

36 ( 

50) 

RHO- 

-.134 

X=>16S 

I( 

1) 

9( 

10) 

14< 

22) 

4( 

4) 


- 


- 

3( 

3) 

3< 

4) 

2( 

6) 

36 ( 

SO) 

. RHO= 

-.569 

X>180 

3( 

3) 

3( 

6) 

8( 

17) 

3( 

3) 


- 



4( 

5) 

7< 

8) 

4< 

8) 

32 ( 

50) 

RHO= 

-.271 

X»195 

6( 

7) 

5( 

7) 

2K 

26) 

2( 

2) 


- 

0( 

1) 

2( 

2) 

2( 

3) 

K 

2) 

39 ( 

SO) 

RHO» 

-.411 

X-210 

K 

2) 

19< 

22) 

17< 

26) 


- 


- 


- 


- 


- 


- 

37( 

SO) 

RHO= 

-.358 

X«225 

K 

2) 

12( 

13) 

24 ( 

34) 


- 


- 


- 

0< 

1) 


- 


- 

37 ( 

50) 

RHO« 

.039 

X=240 

2( 

2) 

IK 

15) 

22( 

31) 


- 


- 


- 

0( 

1) 



K 

1) 

36 ( 

50) 

RHO» 

.163 

X»255 


- 

9< 

10) 

19< 

29) 

K 

1) 


- 


- 

4( 

5) 


- 

3( 

5) 

36 { 

50) 

RHO== 

.545 

X«270 

K 

1) 

5( 

6) 

9( 

18) 

K 

1) 


- 


- 

8< 

11) 


- 

4( 

13) 

28 ( 

50) 

RHO= 

.292 

X»2BS 

2( 

2) 

7< 

9) 

20 < 

29) 


- 


- 


- 

2< 

4) 

K 

1) 

5< 

5) 

37< 

50) 

RHO= 

-.135 

X«300 


- 

6( 

11) 

28 ( 

38) 


- 


- 


- 

K 

1) 


- 


- 

35( 

50) 

RHO= 

-.153 

X-315 

1( 

2) 

9( 

9) 

28 < 

39) 


- 


- 


- 


- 


- 


- 

38 ( 

50) 

RHO- 

-.480 

X-330 

3( 

3) 

8 ( 

9) 

26< 

34) 


- 


- 


- 

K 

1) 

2< 

2) 

K 

1) 

4K 

50) 

RHOa 

-.279 

X-34S 

2i 

2) 

6( 

7) 

15< 

20) 

0( 

1) 

K 

1) 


- 

5( 

7) 

5< 

8) 

3( 

4) 

37 ( 

50) 

RHO= 

-.330 

TOTAL 

39 ( 

47) 

215< 

256) 

463 ( 

636) 

IK 

14) 

4( 

4) 

4( 

5) 

75 < 

90) 

53 < 

62) 

6K 

86) 

925(1200) 




EOF MO 

o: 
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24 M/S, 1 CELL 


TABLE 24 39°, 


1 CELL 

UIND SPEED 24.0 THETA BEAMS If2r3: 39.0 30. S 39.0 

SELECTION BT OBJECTIVE CRITERIA 

CLASS 1< 2A« 2B 3 4« S« 6 7 8« 9 UNIQUE CORRECT 

t$tt*t9*tt*t$$t**t****ttttttt**ttt*t**t*t*t*t*t*t**********t**t*t***t*t*****tt***ttt*tt**tt**t*t*tt***tt**tt****t*$*t**9t*tt****%* 


X« 0 

7< 

7) 

7< 

7) 

3< 

7. 

-3) 

14( 

14) 

19( 

19) 


- 


- 

2< 

2) 

K 

1) 


- 

34 < 

50) 

34 ( 

34) 

Xa IS 

21( 

21) 

13< 

13) 

1< 

13> 

-1) 

13( 

13) . 

3< 

3) 


- 


- 


- 


- 


•- 

37( 

SO) 

37< 

37) 

X» 30 

27< 

27) 

16( 

16) 

0( 

16» 

0) 

7< 

7) 


- 


- 


- 


- 


“ 


- 

43( 

50) 

43( 

43) 

X« 45 

5< 

5) 

42< 

42) 

0( 

42> 

0) 

3< 

3) 


- 


- 


- 


- 


- 


- 

47< 

SO) 

47( 

47) 

X» 60 

4< 

4) 

39 ( 

39) 

0( 

39 » 

0) 

7< 

7) 


- 


- 


- 


- 


- 


- 

43 ( 

50) 

43( 

43) 

X» 75 

li 

1) 

23 ( 

23) 

0( 

23 f 

0) 

20 ( 

20) 

6( 

6) 


- 


- 


- 


- 


- 

30 ( 

SO) 

30 ( 

30) 

X* 90 

3( 

3) 

7< 

7) 

S( 

7f 

-5) 

19< 

19) 

21( 

21) 


- 


- 


- 


- 


- 

3K 

50) 

31( 

31) 

X«10S 

14< 

14) 

12( 

12) 

0< 

12r 

0) 

20 ( 

20) 

4< 

4) 


- 


- 


- 


- 


- 

30 ( 

SO) 

30< 

30) 

X«120 

5< 

5) 

13< 

13) 

0< 

13i 

0) 

32( 

32) 


- 


- 


- 


- 


- 


- 

18( 

50) 

18< 

18) 

X = 135 

9( 

9) 

29 < 

30) 

1< 

30; 

0) 

IK 

11) 


- . 


- 


- 


- 


- 


- 

39< 

50) 

38< 

39) 

X=150 

X5C 

15) 

33 ( 

33) 

0( 

33 f 

0) 

,2< 

2) 


- 


- 


- 


- 


- 


- 

48< 

SO) 

48< 

48) 

Xb16S 

10< 

10) 

7< 

9) 

0< 

9. 

2) 

2< 

2) 


- 

14< 

14) 

13( 

13) 

K 

1) 

K 

1) 


- 

34 ( 

50) 

32< 

34) 

x»teo 


- 

4( 

5) 

0( 

5t 

1) 

1< 

1) 


- 

3( 

3) 

1S< 

15) 


- 

24 ( 

24) 

2< 

2) 

32< 

50) 

3K 

32) 

X»195 

13< 

13) 

4( 

4) 

0( 

4r 

0) 

K 

1) 


- 

9< 

9) 

IK 

11) 

9< 

9) 

2( 

2) 

K 

1) 

28 ( 

50) 

28( 

28) 

X-210 

24 < 

24) 

1S( 

17) 

2< 

17» 

0) 

9( 

9) 


- 


- 


- 


- 


- 


- 

41< 

50) 

39< 

41) 

X»22S 

29 < 

29) 

19< 

19) 

0( 

19» 

0) 

2( 

2) 


- 


- 


- 


- 


- 


- 

48 ( 

50) 

48( 

48) 

X*240 

12( 

12) 

31( 

32) 

1( 

32» 

0) 

6< 

6) 


- 


- 


- 


- 


- 


- 

44( 

SO) 

43( 

44) 

X»255 


- 

9< 

9) 

0( 

9f 

0) 

9< 

9) 

0( 

29) 


- 


- 

0( 

3) 


- 


- 

38 ( 

50) 

9< 

38) 

X»270 


- 


- 



- 


- 

0< 

27) 


- 


- 


- 

13( 

13) 

10< 

10) 

40 ( 

SO) 

13< 

40) 

X«285 

8< 

8) 

5< 

5 ) 

0< 

5» 

0) 

8< 

8) 

0( 

28) 


- 


- 


- 


- 

K 

1) 

4K 

SO) 

13< 

41) 

X«300 

6< 

6) 

27 < 

27) 

0( 

27f 

0) 

17< 

17) 


- 


- 




- 


- 


- 

33 ( 

SO) 

33 ( 

33) 

X»315 

8( 

8) 

28 ( 

28) 

0< 

28» 

0) 

14( 

14) 


- 


- 


- 


- 


- 


- 

36 < 

SO) 

36( 

36) 

X-330 

4( 

5) 

34 ( 

35) 

0( 

35 f 

1) 

10< 

10) 


- 


- 


- 


- 


- 


- 

40( 

50) 

38 ( 

40) 

X«345 

12( 

12) 

27 < 

27) 

4< 

27 f 

-4) 

7< 

7) 

1< 

1) 


- 


- 

3( 

3) 


“ 


- 

40 < 

SO) 

40 < 

40) 

TOTAL 

237 ( 

238) 

444 ( 

452) 

17< 

452 r 

-9) 

234 ( 

234) 

S4( 

138) 

26 ( 

26) 

39 ( 

39) 

1S< 

18) 

4K 

41) 

14( 

14) 

895 <1200) 

802 ( 

895) 


I CELL 

WIND SPEED 24.0 THETA BEAMS l>2i3: 39.0 30.5 39.0 


MAXIMUM LIKELIHOOD ESTIMATES 

CLASS 1 2 3 4 .5 6 7 Q 9 TOTALS 

t*ttt*t*tt***t**tt$t*t*ttt**t**ttt*tt****t***ttt***tttt***tttt**tt*tt*Kitttt*ttt*tt*t*tM***tiH^t$.*ttt******* 


Xs 0 

7< 

7) 

7( 

7) 

14( 

14) 

19< 

19) 


- 



2< 

2) 

K 

1) 


- 

50 ( 

SO) 

RHO= 

-.509 

X- 15 

21< 

21) 

13( 

13) 

13< 

13) 

3( 

3) 


- 


- 


- 


- 


- 

50< 

50) 

RHO= 

-.736 

X» 30 

27< 

27) 

16( 

16) 

7< 

7) 


- 


- 


- 


- 


- 


- 

50 ( 

50) 

RHO= 

-.327 

X- 45 

5( 

5) 

42< 

42) 

3< 

3) 


- 


- 


- 


- 


- 


- 

S0( 

50) 

RHO= 

.327 

X» 60 

4( 

4) 

39 ( 

39) 

6< 

7) 


- 


- 


- 


- 


- 


- 

49 ( 

50) 

RHO= 

.350 

X« 75 

1< 

1) 

23 < 

23) 

20 < 

20) 

6( 

6) 


- 


- 


- 


- 


- 

S0( 

SO) 

RHO- 

.691 

X- 90 

3( 

3) 

7< 

7) 

19< 

19) 

21< 

21) 


- 


- 


- 


- 


- 

50< 

50) 

RHO- 

.134 

X«10S 

X4( 

14) 

12( 

12) 

19< 

20) 

4< 

4) 


- 


- 


- 


- 


- 

49< 

SO) 

RHO- 

-.211 

X»120 

S< 

5) 

13( 

13) 

32< 

32) 




- 


- 


- 


- 


- 

50< 

50) 

RHO- 

-.367 

X»135 

9< 

9) 

30 ( 

30) 

IK 

11) 


~ 


- 


- 


- 


- 


- 

50< 

50) 

RHO= 

-.174 

X»1S0 

1S( 

IS) 

33( 

33) 

2< 

2) 


- 


- 


- 


- 


« 


- 

50 < 

SO) 

RHO* 

.036 

X»165 

10< 

10) 

9< 

9) 

2( 

2) 


- 

14( 

14) 

13( 

13) 

1( 

1) 

K 

1) 


- 

50( 

50) 

RHO- 

-.618 

X-180 


- 

5< 

5) 

1( 

1) 


- 

3< 

3) 

15( 

IS) 


- 

24( 

24) 

2( 

2) 

50 < 

50) 

RHO» 

-.269 

X-195 

13( 

13) 

4( 

4) 

1< 

1) 


- 

9< 

9) 

IK 

11) 

9< 

9) 

2< 

2) 

K 

1) 

50 ( 

50) 

RHQa 

-.335 

X»210 

24 ( 

24) 

17< 

17) 

9( 

9) 


- 


- 




- • 


- 


- 

S0( 

50) 

RHO« 

-.074 

X»225 

29 ( 

29) 

19< 

19) 

2( 

2) 


- 


- 


- 


- 


- 


- , 

S0< 

SO) 

RHQ» 

.130 

X»240 

12< 

12) 

31( 

32) 

6< 

6) 


- 


- 


- 


- 


- 


- 

49( 

50) 

RHO» 

.040 

X«255 


- 

9< 

9) 

8( 

9) 

12< 

29) 


- 


- 

K 

3) 


- 


•- 

30 ( 

50) 

RHO= 

.562 

X-270 


- 


- 


- 

13< 

27) 


- 


- 


- 

13< 

13) 

10( 

10) 

36( 

50) 

RHO- 

.166 

X»285 

8< 

8) 

5< 

5) 

7< 

8) 

14< 

28) 


- 


- 


- 


- 

K 

n 

35 < 

50) 

RHO- 

.093 

X-300 

6( 

6) 

27< 

27) 

1S( 

17) 


- 


- 


- 


- 


- 


- 

48 < 

50) 

RHQs 

-.524 

X-31S 

8( 

8) 

28 ( 

28) 

14( 

14) 


- 


- 


- 


- 


- 


- 

50 < 

50) 

RHO- 

-.354 

X-330 

4( 

5) 

35 ( 

35) 

10( 

10) 


- 


• 


- 


- 


- 


- 

49< 

50) 

RHO» 

.010 

X-34S 

12( 

12) 

27 ( 

27) 

7< 

7) 

1( 

1) 


** 


- 

3( 

3) 


- 


- 

50 < 

50) 

RHO« 

-.441 

TOTAL 

237 ( 

238) 

451 ( 

452) 

228( 

234) 

93 < 

138) 

26 ( 

26) 

39< 

39) 

16( 

18) 

41 ( 

41) 

14( 

14)1145(1200) 
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TABLE 25 47°, 4 M/S, 1 CELL 


CRITERIA 4 7 8* 9 UNIQUE C0RIVEC1 

««»».....**»U*..«..«I»««»»»»»»»*»«*««»»»»»»***»««*»»»*«**««»«*!»*******«**”;**«t*****t**i*t***u**5Sr*”t**‘” 

?= .2 : .. T. n, 01 il !! 0 < I> - 1 < 1 ) 9( 10 ) 3< 4) S< 21 ) 6i 50) 4( 6 ) 


U 1 ) 
2 ( 6 ) 


12< 27) 

7< 19) 


- 0< 1) n i/ 

4 ) 18( 38) 16< 38, 4) 304< 591) 2( 4) 2< 2) 3< 3) 128( 238) 20( 34) 127( 284) 84(1200) 4S< 84) 


1 CELL 

WIND SPEED 4.0 THETA BEAMS lt2»3: 47.0 37.9 47.0 


MAXIMUM LIKELIHOOD ESTIMATES 

CLASS 123456789 TOTALS 

t*t**t**tttt*t****t**tt*tt*t******t****tt**t*tMt***t**t***ttttt*t*t******tt*t**t***tt**t*******^******** 


0 




_ 

3( 

3) 


_ 


_ 


_ 

17< 

19) 

K 

1 ) 

25 ( 

25) 

46 ( 

SO) 

RHD- 

-.705 

X» 15 


_ 

0 < 

1 ) 

0 ( 

4) 

1 < 

1 ) 


- 

1 ( 

1 ) 

15( 

18) 

4( 

4) 

2K 

21 ) 

42( 

50) 

RHO= 

-.272 

Xs 30 


_ 

2 ( 

2 ) 

22 < 

31) 


- 


- 

1 < 

1 ) 

IK 

14) 


- 

2 ( 

2 ) 

38 ( 

50) 

RHO = 

.063 

X« 4S 

0 ( 

2 ) 

5< 

8 ) 

8 ( 

33) 


- 


- 


- 

K 

6 ) 


- 

0 ( 

1 ) 

14( 

50) 

RHO = 

.442 

Xs AO 



2 < 

2 ) 

2 ( 

21 ) 

0 < 

1 ) 


- 


- 

3( 

11 ) 

5( 

5) 

8 ^ 

10 ) 

20 ( 

50) 

RHO = 

.815 

X® 75 


_ 

0 ( 

1 ) 

2 ( 

6) 

K 

1 ) 


- 


- 

8 ( 

14) 


- 

2K 

28) 

32 ( 

50) 

RHO= 

.596 

Xc 90 


_ 


_ 

0 ( 

1 ) 


_ 

1 ( 

1 ) 

1 ( 

1 ) 

14( 

IS) 

6 ( 

6 ) 

2A( 

26) 

48( 

50) 

RHO= 

. 605 

Xat05 


_ 


_ 

6 < 

6 ) 


_ 




- 

10 ( 

10 ) 

4( 

4) 

30 < 

30) 

50(. 

50) 

RHQ:= 

.353 

X=120 


_ 

1 ( 

2 ) 

15< 

19) 


_ 


- 


- 

8 ( 

12 ) 

2 ( 

2 ) 

12 < 

15) 

38 ( 

50) 

RHO= 

.584 

X=135 


_ 



22 ( 

38) 


- 


_ 


- 

2 ( 

7) 


- 

1 < 

5) 

25< 

50) 

RMO= 

.097 

X-150 


_ 

1 ( 

1 ) 

20 ( 

42) 


- 


- 


- 


- 


- 

2 ( 

7) 

23 < 

50) 

RHO= 

-.702 

X*16S 

1 < 

1 ) 

2 < 

2 ) 

15( 

27) 

1 < 

1 ) 


- 


- 

K 

11 ) 

0 < 

1 ) 

0 ( 

7) 

20 ( 

50) 

RHO- 

-.828 

X-180 



1 ( 

2 ) 

IK 

19) 


- 


- 


- 

7< 

18) 


- 

0 ( 

11 ) 

19( 

50) 

RHO= 

- * 665 

X=195 


_ 



21 ( 

30) 


_ 


- 


- 

6 < 

11 ) 

K 

1 ) 

2 ( 

8 ) 

30 ( 

50) 

RHO* 

- .435 

X»210 


_ 

1 < 

2 ) 

23 < 

41) 


~ 


- 


- 

3( 

S) 


- 

1 ( 

2 ) 

28 ( 

50) 

RHO= 

.174 

X=22S 


_ 



19( 

43) 


• 


- 


- 

K 

1 ) 


- 

2 ( 

6 ) 

22 ( 

50) 

RHQa 

.655 

X»240 


_ 

1 ( 

3) 

9< 

28) 


- 


- 


- 

4( 

7) 

0 ( 

1 ) 

4( 

9) 

18< 

50) 

RHO= 

.776 

Xa2S5 



0 < 

2 > 

15( 

27) 


- 


- - 


- 

5< 

11 ) 


- 

0 ( 

10 ) 

20 ( 

50) 

RHO= 

.519 

X«270 


_ 



10 ( 

19) 


_ 


- 


- 

8 ( 

11 ) 

0 ( 

2 ) 

4< 

18) 

22 < 

50) 

RHO= 

. 150 

X-285 


_ 

0 ( 

1 ) 

14( 

34) 

0 < 

1 ) 


- 


- 

3( 

4) 

0 < 

1 ) 

2 ( 

9) 

19( 

50) 

RHD- 

-.088 

X-300 


_ 

1 < 

3) 

24 < 

41) 


- 


- 


- 

K 

2 ) 


- 

2 ( 

4) 

2 B( 

50) 

RHO^ 

-.249 

X°315 


_ 

2 < 

2 ) 

35< 

43) 


- 


- 


- 

2 ( 

2 ) 


- 

3( 

3) 

42( 

50) 

RHO = 

- . 596 

X«330 

1 < 

1 ) 

1 ( 

1 ) 

23 < 

28) 


- 

1 ( 

1 ) 


- 

14< 

14) 


- 

5( 

5) 

45( 

50) 

RHO= 

-.079 

X*345 



1 < 

1 ) 

K 

5) 

1 < 

1 ) 


- 


- 

15( 

15) 

6i 

6 ) 

22 ( 

22 ) 

46( 

50) 

RHO= 

-.897 

TOTAL 

2 < 

4) 

21 < 

38) 

320 ( 

591) 

4< 

6 ) 

2 ( 

2 ) 

3( 

3) 

159( 

238) 

29 ( 

34) 

195( 

284) 

735(1 

200 ) 
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TABLE 26 


4 WS, 5 CELLS 


47 


o 




S CELLS 


WIND SPEED 4.0 THETA BEANS Ir2r3: 47.0 37.9 47.0 


SELECTION BY OBJECTIVE CRITERIA 


CLASS 


1« 


2A« 



2B 


3 


4* 


5« 


6 


7 


8« 


9 

UNIQUE 

CORRECT 


X* 0 


- 


- 



- 


- 

0< 

1 ) 


- 

3( 

3) 

16( 

23) 

2( 

3) 

17( 

20) 

4( 

50) 

2( 

4 > 

Xo 15 


- 


- 



— 


— 

0< 

2) 


- 

3( 

3) 

29 ( 

32) 

5( 

5) 

3( 

8) 

7< 

50) 

S( 

7) 

X* 30 

0( 

1) 

4( 

4) 

0< 

4r 

0) 

35< 

39) 




- 


- 

6( 

16) 




_ 

5( 

50) 

4( 

5) 

X» 45 


~ 

14( 

14) 

0( 

14r 

0) 

34 < 

36) 


- 


- 


- 


- 


~ 


_ 

14( 

SO) 

14( 

14) 

X« 60 


“ 

1( 

3) 

2( 

3» 

0) 

30 ( 

30) 

0< 

3) 


- 


- 

14( 

14) 


- 


- 

6( 

SO) 

1( 

6) 

X» 75 


- 


- 



- 

1( 

1) 

0< 

9) 


- 

1( 

1) 

20 ( 

22) 

0< 

7) 

8( 

10) 

16( 

SO) 

0( 

16) 

X= 90 


- 


- 



- 


- 


- 


- 

S( 

5) 

7< 

10) 

7( 

9) 

19( 

26) 

9< 

SO) 

7( 

9) 

X«10S 

2( 

2) 


- 



- 

1< 

1) 


- 

10< 

10) 

S( 

5) 

9< 

IS) 

8( 

8) 

3( 

9) 

20 ( 

50) 

20 ( 

20) 

X=120 

3< 

5) 

2( 

2) 

0< 

2r 

0) 

12< 

17) 


- 

1< 

1) 

1( 

1) 

1B( 

22) 


- 

U 

2) 

8( 

50) 

8( 

8) 

X«135 

1( 

3) 

2( 

5) 

2( 

5r 

1) 

38 ( 

42) 


- 


- 


- 


- 


_ 


_ 

8( 

SO) 

3( 

8) 

X*150 

4( 

4) 

1< 

3) 

1< 

3p 

1) 

32 ( 

43) 


- 


- 


- 


- 


- 


_ 

7< 

50) 

5( 

7) 

X»165 


- 

1( 

3) 

1( 

3f 

1) 

24 < 

33) 

1( 

1) 


- 


- 

5( 

9) 


- 

1( 

4) 

4< 

50) 

2( 

4) 

XalSO 


- 

1< 

3) 

2( 

3f 

0) 

20 ( 

28) 

1< 

1) 


- 


- 

7< 

13) 

1( 

1) 

3( 

4) 

5( 

SO) 

3< 

5) 

X=195 


- 

1( 

2) 

1( 

2p 

0) 

23 ( 

32) 

1( 

1) 


- 


- 

5< 

10) 


- 

4( 

5) 

3( 

50) 

2( 

3) 

X»210 

0( 

1) 

0( 

5) 

5( 

5f 

0) 

36 ( 

43) 

1( 

1) 


- 


- 


~ 


- 


- 

7< 

50) 

1( 

7) 

X-225 


- 

1< 

7) 

6( 

7f 

0) 

25 ( 

43) 


- 


- 


- 


- 


_ 


_ 

7( 

50) 

1( 

7) 

X=240 


- 

0< 

2) 

2( 

2* 

0) 

34 < 

46) 

1( 

1) 


- 


- 

1( 

1) 


- 


- 

3( 

50) 

1( 

3) 

X=255 

1( 

1> 

u 

2) 

1( 

2» 

0) 

18( 

25) 

2< 

2) 


- 


- 

IK 

18) 


- 

1( 

2) 

5( 

50) 

4( 

5) 

X»270 


- 

2( 

2) 

1( 

2f 

-1) 

13( 

20) 

1( 

1) 


- 


- 

15< 

19) 

1< 

2) 

4( 

6) 

5( 

50) 

4( 

5) 

X-285 

0( 

1) 

4( 

6) 

2< 

6» 

0) 

23 ( 

28) 

2< 

2) 


- 


- 

8( 

11) 

1< 

1) 

1( 

1) 

10< 

50) 

7< 

10) 

X«300 

2( 

3) 

1< 

2) 

1( 

2i 

0) 

38< 

45) 


- 


- 


- 


- 


_ 


_ 

5( 

50) 

3< 

5) 

X=315 

3( 

3) 

0< 

2) 

2( 

2» 

0) 

32 ( 

43) 


- 


- 


_ 

2( 

2) 




- 

5( 

50) 

3< 

5) 

X»330 

6< 

6) 

2< 

2) 

0( 

2 p 

0) 

22 ( 

25) 


- 

1( 

1) 

1( 

1) 

14( 

15) 


- 


- 

9( 

50) 

9< 

9) 

X=345 




“ 




1( 

2) 


“ 


- 

6( 

6) 

20 ( 

30) 

K 

3) 

6( 

9) 

3< 

50) 

1( 

3) 

TOTAL 

24 < 

30) 

38< 

69) 

29< 

69 » 

2) 

492 < 

622) 

10( 

25) 

12< 

12) 

25 < 

25) 

207 < 

272) 

26 ( 

39) 

73 ( 

106) 

175(1200) 

110( 

175) 


S CELLS 

WIND SPEED 4.0 THETA BEAMS l»2f3: 47.0 37.9 47.0 


MAXIMUM LIKELIHOOD ESTIMATES 


CLASS 


1 


2 


3 


4 


5 


6 


7 


8 


9 

TflTAI «? 






Q 


~ 


“ 



1( 

1) 


- 

3( 

3) 

22 < 

23) 

3< 

3) 

20 ( 

20) 

49< 

50) 

RHOa 

-.868 

X« 15 




- 


- 

2< 

2) 


- 

3( 

3) 

30 < 

32) 

5< 

5) 

8( 

8) 

48 ( 

50) 

RHO= 

-.539 

X« 30 

0< 

1) 

3( 

4) 

28< 

39) 


- 




- 

5( 

6) 


- 


_ 

36 < 

50) 

RHO= 

.808 

X- 45 


- 

10< 

14) 

20 ( 

36) 


- 


- 


- 


- 


- 


- 

30 < 

50) 

RHO> 

.782 

X« 60 


- 

0< 

3) 

14( 

30) 

1( 

3) 


- 


- 

8( 

14) 


- 


- 

23 ( 

50) 

RHO» 

.766 

X« 75 




■“ 

0( 

1) 

9< 

9) 


- 

1< 

1) 

19( 

22) 

7< 

7) 

9< 

10) 

45 ( 

50) 

RHO= 

.684 

X« 90 




“ 


- 


- 


- 

5< 

5) 

10( 

10) 

9( 

9) 

26 < 

26) 

50 ( 

50) 

RHO- 

.704 

X»10S 

2( 

2) 


- 

1( 

1) 


— 

10< 

10) 

S( 

5) 

15( 

15) 

8( 

8) 

9( 

9) 

50 ( 

50) 

RHQa 

.697 

X«120 

5( 

S> 

2< 

2) 

17< 

17) 


- 

1< 

1) 

1< 

1) 

22 ( 

22) 



2( 

2) 

50 ( 

50) 

RHO== 

• 827 

X«135 

1( 

3) 

2< 

5) 

31( 

42) 


- 


- 


- 


_ 





34 ( 

SO) 

RHQa 

-.438 

X*150 

4( 

4) 

1< 

3) 

38( 

43) 


- 


- 


- 


« 


- 


_ 

43< 

50) 

RHOa 

-.639 

X»165 


~ 

2< 

3) 

26( 

33) 

0( 

1) 


- 


- 

2( 

9) 


- 

0( 

4) 

30 ( 

50) 

RHO= 

-.703 

X»160 


- 

2( 

3) 

21 < 

28) 

1< 

1) 


- 


- 

8( 

13) 

1< 

1) 

1( 

4) 

34< 

50) 

RHO= 

-.657 

X«195 


- 

1( 

2) 

19< 

32) 

0( 

1) 


- 


- 

3( 

10) 


_ 

2( 

5) 

25< 

50) 

RHOa 

-.555 

X»210 

U 

1) 

4( 

5) 

24 ( 

43) 

1( 

1) 


- 


- 


■ - 


- 



30 ( 

50) 

RHO= 

.118 

X»225 


- 

5< 

7) 

29 ( 

43) 


- 


- 


- 


- 


- 


- 

34( 

50) 

RHO= 

.774 

X-240 


- 

K 

2) 

31( 

46) 

0( 

1) 


- 


- 

0< 

1) 




_ 

32< 

50) 

RHO= 

.789 

X-255 

1< 

1> 

1( 

2) 

18( 

25) 

1< 

2) 


-• . 


- 

3( 

18) 


- 

0( 

2) 

24 ( 

50) 

RHO= 

.712 

X«270 


- 

2< 

2) 

17( 

20) 

1< 

1) 


- 


- 

9< 

19) 

0( 

2) 

2< 

6) 

31 ( 

50) 

RHO= 

.628 

X»285 

0< 

1) 

6< 

6) 

20< 

28) 

1( 

2) 


- 


- 

4( 

11) 

0< 

1) 

1( 

1) 

32 ( 

50) 

RHO= 

.428 

X«300 

2( 

3) 

1( 

2) 

27 ( 

45) 


- 


- 


- 


- 


- 



30 ( 

SO) 

RHOa 

.212 

X*315 

3( 

3) 

2< 

2) 

40< 

43) 


- 


- 


- 

2( 

2) 


- 


_ 

47( 

50) 

RHO= 

-.889 

X-330 

6< 

6) 

K 

2) 

20 ( 

25) 


- 

1( 

1) 

1( 

1) 

1S( 

IS) 


- 


- 

44< 

50) 

RHO= 

-.876 

Xs345 




~ 

K 

2) 


- 


- 

6( 

6) 

30 ( 

30) 

3< 

3) 

9( 

9) 

49( 

50) 

RHO= 

-.901 

TOTAL 

25< 

30) 

46( 

69) 

442( 

622) 

18 ( 

25) 

12( 

12) 

25 ( 

25) 

207 ( 

272) 

36 ( 

39) 

89( 

106) 

900(1200) 
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TABLE 27 47°, 4 M/S, 25 CELLS: 


25 CCU.S 


UtNO SPEED 4.0 THETft BEAHS 1,2.3: 47.0 37.9 47.0 


CLASS 1* 2A» 2B objective CRITERIA 

...... — ; ^ — 

x» 30 K 1) sr D. o ; “ 2( 2) 3( 3) 43( 2( 7) 


X» IS 
X« 30 
X* 45 
X» 60 
X« 75 
X= 90 
X=105 
X=120 
X»135 
X*150 
X-16S 
X*180 
X*I95 
X«210 
X-225 
X»240 
X*255 
X«270 
X=285 
X*300 
X=315 
X*330 
X=345 


14( 

2 < 

14( 

S( 

1( 


1( 

0< 

9< 

3( 

24( 

18< 


1 ) 

4> 

6 ) 


14) 

2 ) 

14> 

5 ) 

1 ) 


2 ) 

1 ) 

9) 
4) 
24 > 
18) 


5< 
23 ( 
2 ( 


1( 

5( 

1( 

2 ( 

3( 

2( 

0< 

1( 

0< 

3( 

1( 

0< 

5( 


6) 

3( 

8f 

0) 

4K 

23) 

0( 

23 f 

0) 

23 ( 

2) 

0( 

2» 

0) 

42 < 

1) 

0< 

Ir 

0) 

9( 

7) 

2( 

7r 

0) 

41( 

1) 

0< 

If 

0) 

35 ( 

6) 

4( 

6 f 

0) 

33 ( 

6) 

3( 

6 p 

0) 

22 ( 

4) 

2< 

4f 

0) 

40 < 

9) 

9< 

9f 

0) 

4K 

5) 

4( 

5f 

0) 

43 ( 

7) 

7< 

7f 

0) 

42 < 

6) 

3( 

6 f 

0) 

36 ( 

2) 

K 

2f 

0) 

16( 

3) 

3C 

3f 

0) 

3K 

10) 

5( 

lOf 

0) 

3S( 


2 &( 


41) 
23) 

42) 


9) 

41) 

35) 

36) 
24) 
41) 
41) 
43) 
43) 
38) 
23) 
34) 
36) 
26) 


3) 43( 44) 


1( 
6 ( 
24 ( 
2( 


U 

2 < 

1( 


1( 

6 ( 

1( 


1> 

2) 

1 ) 


1 > 
6 ) 
1 ) 


1) 


- 

3K 

33) 

K 

6) 

6) 

8( 

8) 

3( 

4) 

2K 

21) 

24) 

IK 

11) 

10( 

12) 

3< 

3) 

2) 


~ 

24 ( 

24) 



- 


_ 

2( 

2) 


- 

“ 

0( 

1 } 

15( 

16) 



~ 


- 

4( 

4) 


_ 


4( 

17( 

2 ( 


4) 

19) 

3) 


- 

15< 

17) 

0< 

1) 

K 

4( 

1) 

4) 

14< 

13< 
14) 22( 

14) 

23) 

4< 

4) 

100) 46< lOOf 

0) 57K 

593) 

12( 

17) 

40< 

40) 

39 ( 

40) 209 < 

222) 

36 ( 

41) 


K 1) 


S( 

7< 


4( 


2( 

50) 

2< 

2> 

9( 

50) 

6( 

9> 

27 C 

50 ) 

27( 

27) 

8< 

SO) 

8( 

8) 

IK 

50) 

2< 

11) 

27( 

50) 

27 ( 

27) 

27 < 

50) 

27( 

27) 

17< 

SO) 

17( 

17) 

9< 

SO) 

7( 

9) 

15( 

50) 

15( 

IS) 

12( 

50) 

8( 

12) 

9< 

SO) 

6( 

9) 

5( 

50) 

3( 

S ) 

9( 

SO) 

0( 

9) 

7< 

50) 

2< 

7) 

7< 

50) 

0< 

7) 

8( 

50) 

4( 

8) 

8< 

50) 

7( 

8) 

13( 

50) 

10( 

13) 

14( 

SO) 

8( 

14) 

24 ( 

50) 

24( 

24) 

19< 

50) 

19( 

19) 

9( 

50) 

8( 

9) 


25 CELLS 


WIND SPEED 4.0 THETA BEAMS ls2»3: 47.0 37.9 47.0 

MAXIMUM LIKELIHOOD ESTIMATES 


CLASS ^^345X'7aa 

x« 30 1< 1) 5( e> 30< 41) - ■ ** 1) B0< 50) 


X« 45 
Xa 60 
Xs 75 
Xa 90 
Xsl05 
Xal20 
Xal35 
Xal50 
X«165 
Xal80 

X*195 

X=210 

X=2.‘5 

Xa2-10 

X=255 

X*2/0 

X=2H5 

X=300 

X-315 

Xa330 

X*345 



- 


- 



K 

1) 

5( 

8) 

30 < 

41) 

2< 

4) 

2K 

23) 

16( 

23) 

4< 

6) 

2( 

2) 

36 ( 

42) 


” 


- 


- 


- 


- 


- 


- 


- 


_ 

14< 

14) 

K 

1) 

9( 

9) 

2< 

2) 

5( 

7) 

38< 

41) 

14( 

14) 

K 

1) 

35 ( 

35) 

S< 

5) 

6( 

6) 

36 < 

36) 

K 

1) 

5( 

. 6) 

20 ( 

24) 


- 

2< 

4) 

28< 

41) 


- 

7< 

9) 

29 < 

41) 

2( 

2) 

3( 

5) 

34 ( 

43) 


- 

4( 

7) 

35 < 

43) 

0( 

1) 

5< 

6) 

3K 

38) 



2( 

2) 

22 ( 

23) 

9( 

9) 

K 

3) 

29 ( 

34) 

3< 

4) 

9( 

10) 

24 ( 

36) 

24 ( 

24) 


- 

26 ( 

26) 

ie< 

16) 


- 

17{ 

17) 


1< 

1( 

0< 


0 ( 

6 < 

1( 


1( 


1< 

6 ( 

24( 

2 < 


1 ) 

2 ) 

1) 


1 ) 

6) 

1 ) 


1 ) 


1 ) 

6 ) 

24) 

2 ) 


8 ( 

IK 


8 ) 

11 ) 


32< 
4( 
12 < 
24 < 


1( 

10 ( 

2 < 


33) 

4) 

12 ) 

24) 


2 ) 

16) 

4) 


6 < 

21( 

3< 


6 ) 

21 ) 

3) 


6 ( 

IK 


TOTAL ?9< 105) 79< 100) 495< 593) 12< 17) 



- 


- 

K 

4) 


_ 



- 


- 

14( 

19) 


- 



_ 


~ 

2( 

3) 


- 


K 

1 ) 



14( 

14) 


- 


4( 

4) 

14( 

14) 

23 ( 

23) 

4< 

4) 

4( 

40< 

40) 

39 < 

40) 

203( 

222) 

4K 

41) 

42< 


20) 

50 ( 

50) 

RHO= 

-.916 

1) 

50 ( 

50) 

RHQa 

-.687 

“ 

36 ( 

50) 

RHOa 

.632 


39 < 

50) 

RHO* 

.775 


42< 

50) 

RHO» 

.696 

6) 

47( 

50) 

RHQa 

.744 

11) 

S0( 

50) 

RHO= 

.714 

- 

50< 

SO) 

RHOa 

.585 

- 

50 ( 

SO) 

RHO= 

.048 

- 

45 ( 

50) 

RHO= 

-.007 

- 

S0< 

SO) 

RHOa 

-.830 


49< 

SO) 

RHOa 

-.904 

- 

37 < 

50) 

RHOa 

-.921 

- 

32 ( 

SO) 

RHQa 

-.545 

- 

36 ( 

50) 

RHO= 

.342 

- 

39< 

SO) 

RHOa 

.853 


39 ( 

50) 

RHO= 

.860 

- 

37 < 

50) 

RHO= 

.848 

- 

44( 

50) 

RHQa 

.780 

- 

42( 

50) 

RHQa 

.721 

- 

36 ( 

50) 

RHOa 

-.259 


50< 

50) 

RHO= 

-.838 

- 

50 ( 

50) 

RHO= 

-.874 

4) 

50 < 

SO) 

RHO= 

-.904 

42)1050(1200) 
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TABLE 28 


8 ^VS, 1 CELL 


47 


o 


1 CELL 


WIND SPEED 8«0 THETA BEANS Ir2f3: 47.0 37.9 47.0 


SELECTION BY OBJECTIVE CRITERIA 

CLASS It 2At 2B 3 4t 5t 6 7 8t 9 . UNIOUE CORRECT 


X- 15 


- 

1< 

1) 

0( 

1> 

0) 

X» 30 


- 

U< 

16) 

5< 

16» 

0) 

X« 43 


- 

19< 

19) 

0< 

19* 

0) 

Xa 60 

3( 

3) 

13< 

13) 

0< 

15> 

0) 

X- 73 


- 

1< 

1) 

0< 

Ir 

0) 

X* 90 


- 


- 



- 

X-105 

2< 

2> 

1< 

1) 

0( 

If 

0) 

X-120 

4< 

4) 

13< 

13) 

0( 

13f 

0) 

X»13S 

4< 

6) 

7< 

8) 

1< 

Bf 

0) 

X»1S0 

0( 

8) 

3< 

3) 

0( 

3f 

0) 

X»16S 

2( 

2> 

1( 

3) 

2< 

3f 

0) 

x«ieo 

3( 

3) 

1< 

2) 

1< 

2f 

0) 

X«195 


- 

2( 

7) 

S( 

7t 

0) 

X»210 


- 

6< 

10) 

4( 

lOf 

0) 

X*225 


- 

7( 

9) 

2< 

9r 

0) 

X»240 


- 

3< 

4) 

1< 

4f 

0) 

Xa2SS 


- 

3( 

4) 

2( 

4f 

-1) 

X-270 

1( 

1> 

1( 

2) 

1< 

2f 

0) 

Xe28S 

3( 

3) 

6< 

7) 

2( 

7f 

-1) 

X«300 

6< 

7) 

S( 

9) 

4( 

9t 

0) 

Xa315 

S< 

6) 

4< 

4) 

0< 

4f 

0) 

X»330 

3( 

4) 

S( 

7) 

2( 

7f 

0) 

X»345 



1< 

2) 

1< 

2* 

0) 

TOTAL 

44( 

49) 

116< 

147) 

33 ( 

147» 

-2) 


1 ( 

1 ) 

0( 

2) 


- 

S< 

5) 

23 ( 

5( 

5) 


- 

1< 

1) 

8< 

8) 

32 ( 

34 ( 

34) 


- 




_ 


31< 

31) 


- 


- 




30< 

30) 


- 


- 


- 

2( 

6( 

7) 

0< 

2) 


- 


- 

26 ( 


- 

0< 

1) 

1( 

1) 

3< 

3) 

12< 

5< 

5) 

0< 

2) 

2< 

2> 

2( 

2) 

28 ( 

26 ( 

27) 


- 


- 


- 

6( 

36 < 

36) 


- 


- 


_ 


39 < 

39) 


- 


- 


_ 


26 < 

30) 


- 


- 


- 

12( 

20 < 

23) 


- 


- 

0( 

1) 

16( 

35 < 

3S) 

1< 

1) 


- 

0( 

1) 

5( 

38< 

40) 


- 


- 


- 


40< 

41) 


- 


- 


_ 


41( 

44) 


- 




_ 

2< 

36 ( 

36) 


- 


- 


_ 

9( 

24 ( 

24) 

1( 

1) 


- 


- 

13( 

28 ( 

28) 

1( 

1) 


- 


• 

IK 

33 ( 

34) 


- 


- 




39< 

40) 


- 


- 


_ 


29 < 

31) 

0< 

1) 


- 


- 

7( 

4< 

3) 

0< 

1) 


- 

3( 

3) 

31 ( 

06 < 

626) 

3( 

12) 

4< 

4) 

21( 

23) 

237 ( 


25) 

3< 

3) 

14< 

14) 

5< 

30) 

3( 

S> 

32) 

1( 

1) 

2< 

2) 

3< 

SO) 

3< 

3) 



- 


- 

16( 

50) 

IK 

1A> 

- 


- 


- 

19< 

SO) 

19( 

19) 

2) 


- 


- 

18< 

50) 

18( 

18) 

26) 

2( 

7) 

7( 

7) 

10< 

50) 

3< 

10) 

12) 

16( 

19) 

14< 

14) 

21 < 

50) 

17< 

21) 

31) 

3( 

3) 

2< 

2) 

10< 

50) 

8( 

10) 

6) 


- 


- 

17< 

50) 

17( 

17) 

- 


- 


, - 

14( 

50) 

IK 

14) 

- 


- 


— 

IK 

50) 

IK 

11) 

13) 

K 

1) 

1( 

1) 

6< 

SO) 

4( 

6) 

18) 


- 

3( 

3) 

S( 

SO) 

4( 

S) 

5) 


- 

1( 

1) 

8( 

SO) 

3< 

8) 

- 


- 


- 

10< 

SO) 

6< 

10) 

- 


- 


- 

9( 

50) 

7< 

9) 

2) 


- 


- 

4< 

50) 

3( 

4) 

9) 

1( 

1) 


- 

5( 

50) 

4( 

5) 

IS) 

3( 

3) 

4< 

4) 

7< 

SO) 

6< 

7) 

11) 


- 


- 

IK 

SO) 

10( 

11) 

- 


- 


- 

16( 

50) 

IK 

16) 

- 


- 


- 

10( 

50) 

9< 

10) 

7) 


- 


- 

12< 

50) 

8( 

12) 

33) 

1( 

2) 

4( 

4) 

S( 

50) 

2( 

5) 

247) 

3K 

40) 

52 < 

52) 

252(1200) 

198( 

252) 


X CELL 

WIND SPEED 8.0 THETA BEAhS Ip2r3t 47.0 37.9 47.0 

MAXIMUM LIKELIHOOD ESTIMATES 




1 


2 


3 


4 


5 


6 


7 


8 


9 

TOTALS 



t*ti9*t*Mtt*t**$t*t*tttt**tt*****ttt*t*t**t**tttMt*M**tMttMttttt*M*tttt*ttt*t**ttttt*****t*ttttt 



X« 0 




« 

K 

1) 

2( 

2) 


- 

S< 

5) 

25( 

25) 

3( 

3) 

14( 

14) 

50 ( 

50) 

RHO= 

-.532 

X« 15 



K 

1) 

5< 

5) 


- 

K 

1) 

8( 

8) 

30 < 

32) 

K 

1) 

2( 

2) 

4B( 

50) 

RHQa 

-.709 

X« 30 


_ 

9< 

16) 

26 ( 

34) 


- 


- 


- 


- 


- 


- 

35 ( 

50) 

RHQa 

.156 

X« 45 


_ 

19< 

19) 

18< 

31) 


- 


- 


- 


- 


• - 


- 

37 ( 

50) 

RHO» 

.222 

X» 60 

3( 

3) 

IK 

15) 

19< 

30) 


- 


- 


- 

K 

2) 


- 


- 

34< 

50) 

RHQa 

.470 

X« 75 



0( 

1) 

K 

7) 

2< 

2) 


- 


- 

25 < 

26) 

7< 

7) 

7< 

7) 

42( 

SO) 

RHO= 

.630 

X* 90 






_ 

K 

1) 

K 

1) 

3< 

3) 

8( 

12) 

19< 

19) 

14< 

14) 

46 ( 

50) 

RHOa 

.677 

X«10S 

2< 

2) 

K 

1) 

5< 

5) 

2< 

2) 

2< 

2) 

2( 

2) 

3K 

31) 

3( 

3) 

2( 

2) 

50 ( 

50) 

RHQa 

.308 

X«120 

4( 

4) 

IK 

13) 

23 ( 

27) 


- 


- 


- 

5( 

6) 


- 


* 

43 ( 

SO) 

RHOa 

-.018 

X«135 

4( 

6) 

8( 

8) 

27 < 

36) 


- 


- 


- 


- 


- 


. - 

39 ( 

50) 

RHQa 

-.180 

X«1S0 

8( 

8) 

3( 

3) 

35 ( 

39) 


- 


- 


- 


- 


- 


- 

46 < 

SO) 

RHOa 

-.531 

X*16S 

2< 

2) 

2( 

3) 

28 ( 

30) 


- 




- 

5( 

13) 

0( 

1) 

0< 

1) 

37< 

SO) 

RHOa 

-.725 

X*180 

2< 

3) 

K 

2) 

18( 

23) 


• 


- 

K 

1) 

IK 

18) 


- 

2( 

3) 

35< 

SO) 

RHOa 

-.456 

X«19S 



4( 

7) 

28( 

35) 

K 

1) 


- 

0< 

1) 

4( 

5) 


- 

0( 

1) 

37 ( 

SO) 

RHOa 

-.581 

X«210 



7< 

10) 

28 ( 

40) 


- 


- 


- 


- 


- 


- 

35 < 

50) 

RHO- 

-.340 

X«22S 


_ 

5< 

9) 

36 ( 

41) 


- 


- 


- 


- 


- 


- 

4K 

SO) 

RHOa 

.604 

X«240 



4( 

4) 

34 ( 

44) 




- 


- 

0< 

2) 


- 


- 

38 < 

50) 

RHOa 

.528 

Xa2SS 



3< 

4) 

26 ( 

36) 


- 


- 


- 

2( 

9) 

0< 

1) 


- 

3K 

50) 

RHOa 

.820 

X«270 

K 

1) 

2< 

2) 

18( 

24) 

K 

1) 


- 


- 

5< 

IS) 

0< 

3) 

0( 

4) 

27< 

50) 

RHOa 

.704 

Xa28S 

3( 

3) 

6( 

7) 

23 ( 

28) 

0( 

1) 


- 


- 

10 ( 

11) 


- 



42 ( 

50) 

RHOa 

.349 

X«300 

6( 

7) 

5< 

9) 

24 ( 

34) 


- 


- 


- 


- 


- 


- 

35 < 

SO) 

RHOa 

-.490 

XaSlS 

5( 

6) 

4< 

4) 

37 ( 

40) 




- 


- 


- 


- 


- 

46< 

50) 

RHOa 

-.700 

X*330 

4( 

4) 

7( 

. 7) 

29 ( 

31) 

K 

1) 


- 


- 

7< 

7) 


- 


- 

48( 

50) 

RHOa 

-.724 

X«34S 



2( 

2) 

3< 

5) 

K 

1) 


- 

3( 

3) 

30 < 

33) 

2( 

2) 

4( 

4) 

45 < 

50) 

RHOa 

-.727 

TOTAL 

44 ( 

49) 

11S( 

147) 

492 < 

626) 

IK 

12) 

4< 

4) 

22 ( 

23) 

199( 

247) 

35 < 

40) 

45 ( 

52) 

967(1200) 




135 


TABLE 29 


S CELLS 


47 , 8 WS, 5 CELLS 


MIHO 

CLASS 

SPEED 

8.0 

1* 

THETA BEAMS if 
2A4 

2»3: 

47.0 

2D 

tttrttt$tttt**tt**t*t****tt*ttt*ttt****** 

X= 0 - - 

X* 15 

X- 30 e< 8) 15< 17) 2< 17i 0) 

X- 45 

3( 

3) 

35 < 

35) 

0< 

35 f 

0) 

X= 60 

1S( 

15) 

22 < 

22) 

0( 

22 » 

0) 

X* 75 
X« 90 
X=105 
X=120 

1< 
29 < 

l> 

29) 

4< 

4) 

0< 

4 » 

0) 

X=*IJ5 

15( 

15) 

10< 

12) 

2( 

12f 

0) 

X=150 

33 ( 

33) 

1< 

2) 

1( 

2r 

0) 

X«165 

24 ( 

24) 

4( 

4) 

0< 

4i 

0) 

X-180 


- 

6( 

6) 

0< 

6* 

0) 

X=195 

2( 

2) 

3( 

7) 

4( 

7f 

0) 

X«210 

3( 

3) 

4( 

8) 

4( 

8f 

0) 

X=225 

2< 

2) 

20( 

22) 

2< 

22 » 

0) 

X»240 

2< 

2) 

17( 

21) 

4< 

21» 

0) 

X»255 

2( 

3) 

6( 

6) 

0< 

6r 

0) 

X»270 


- 

1< 

1) 

1< 

If 

-1) 

Xa285 

18( 

19) 

5( 

7) 

2< 

7f 

0) 

X=300 

14( 

14) 

IK 

13) 

2< 

13f 

0) 

X»315 

24< 

24) 

3< 

4) 

1< 

4. 

0) 

X«330 

22< 

23) 

K 

2) 

1< 

2f 

0) 

X=345 

TOTAL 

217< 

220) 

168( 

193) 

26 < 

193. 

-1) 


25 ( 
12 < 
13( 


23 ( 
15( 
21 < 
20 ( 

38 ( 

39 < 
26 < 
27 < 
41( 
22 < 

24 ( 
23 ( 
22 ( 

25 < 


25) 

12 ) 

13) 


16) 

23) 
15) 
21 ) 
20) 

38) 

39) 
26) 
27) 
41) 
22) 

24) 
23) 
22) 

25) 


9( 

1( 


7) 


9) 

1 ) 


6 ( 

4( 


10 ( 10 ) 


TERIA 

5* 


6 


7 


8* 


9 

UNIQUE 

CORRECT 

2) 20( 20) 9( 9) 12( 12) 7( 7) 14< 50) 14< 14) 

2) 

5( 

5) 

4l< 

41) 

2( 

2) 


- 

4< 

50) 

4< 

4) 





- 


- 


- 

25 ( 

50) 

23< 

25) 

_ 


_ 


- 


- 


- 

38< 

50) 

38 ( 

38) 

_ 






- 


- 

37 ( 

50) 

37< 

37) 

_ 


- 

41( 

41) 

0< 

1) 

K 

1) 

8< 

50) 

0( 

8) 

6) 

9< 

9) 

7< 

7) 

27< 

27) 

K 

1) 

33 < 

50) 

33( 

33) 

4) 

3( 

3) 

42 ( 

42) 


- 


- 

5( 

50) 

5( 

5) 



_ 

1( 

1) 


— 


- 

33 ( 

50) 

33< 

33) 

_ 








- 

27 < 

50) 

25 < 

27) 

_ 


_ 


_ 


_ 


- 

35 ( 

50) 

34( 

35) 

_ 


_ 

1( 

1) 


- 


- 

28 < 

50) 

28 < 

28) 

_ 


_ 

15( 

15) 


- 


- 

15< 

50) 

13 < 

15) 

_ 



2( 

2) 


- 


- 

10( 

50) 

6( 

10) 

_ 






- 



IK 

50) 

7< 

11) 

_ 


_ 


_ 




- 

24< 

50) 

22 ( 

24) 

_ 


_ 






- 

23< 

50) 

19( 

23) 



_ 


_ 


_ 


- 

9( 

50) 

8( 

9) 

_ 


_ 

17( 

17) 


- 


- 

IK 

50) 

IK 

11) 

_ 




_ 




- 

26 ( 

50) 

23 ( 

26) 

_ 


_ 


_ 


- 


- 

27 < 

50) 

25 ( 

27) 



_ 




_ 


- 

28 < 

50) 

27 ( 

28) 



_ 


_ 


- 


- 

25 < 

50) 

23 ( 

25) 

1) 

2( 

2) 

44( 

44) 


- 

1< 

1) 

3( 

50) 

K 

3) 

IS) 

39 < 

39) 

220 ( 

220) 

4K 

42) 

10( 

10) 

499(1200) 

46K 

499) 


5 CELLS 


UIND SPEED 8.0 THETA BEAMS l»2f3: 47.0 37.9 47.0 

MAXIMUM LIKELIHOOD ESTIMATES 


X= 0 
X« 15 


X= 30 

8( 

8) 

X- 45 

3( 

3) 

X« 60 

14( 

15) 

X= 75 


- 

X= 90 


- 

X»105 

K 

1) 

X«120 

29 ( 

29) 

X*135 

15< 

15) 

X=150 

33 < 

33) 

X«165 

24 ( 

24) 

X*^1C0 


- 

X-19S 

2( 

2) 

X*210 

3( 

3) 

X=225 

2< 

2) 

X*240 

2( 

2) 

X«253 

2( 

3) 

X*270 


- 

X-2B5 

18< 

19) 

X«300 

14< 

14) 

X«315 

24 < 

24) 

X»330 

23 ( 

23) 

X*345 


“ 

TOTAL 

217( 

220) 



2 


3 


4 


5 


6 

- 2( 2) 20( 20) 




_ 


- 

2( 

2) 

5< 

5) 

16( 

17) 

2K 

25) 


- 


- 



34< 

35) 

9( 

12) 


- 





22 ( 

22) 

12( 

13) 








_ 


- 

7< 

7) 


- 




_ 


_ 


- 

6( 

6) 

9( 

9) 


_ 


- 


- 

4( 

4) 

3( 

3) 

4( 

4) 

16< 

16) 


- 


- 


~ 

12< 

12) 

22 ( 

23) 


“ 





2( 

2) 

15< 

15) 


- 


~ 



4( 

4) 

2K 

21) 


- 





6( 

6) 

19( 

20) 

9< 

9) 


** 


~ 

7( 

7) 

35 ( 

38) 

0< 

1) 


■ ” 



6( 

8) 

33 ( 

39) 







22 ( 

22) 

25 ( 

26) 







20( 

21) 

26 ( 

27) 


- 


” 


" 

6( 

6) 

39 ( 

41) 


- 


“ 



K 

1) 

22 < 

22) 

9< 

10) 




~ 

6( 

7 ) 

22 < 

24) 


- 


“ 


“ 

12( 

13) 

2K 

23) 


- 


” 


” 

4( 

4 ) 

22 < 

22) 


- 


~ 



2< 

2) 

25< 

25) 


- 


~ 






- 

2< 

2) 

K 

1 ) 

2< 

2) 

186( 

193) 

405 < 

432) 

27< 

29) 

15( 

15 ) 

39( 

39) 



7 


8 


9 

TOTALS 



;»*»♦***»»******»***♦**#♦♦»**♦**♦*»**»** 

9) 12( 12) 7( 7) 50( 50) 

RHQa 

-.667 

4K 

41 ) 

2( 

2) 


- 

50 ( 

50) 

RHO« 

-.548 






- 

45 ( 

50) 

RHO= 

.025 


_ 


■ _ 


- 

46 ( 

50) 

RHO» 

.556 


_ 


_ 


- 

48( 

50) 

RHG- 

.407 

39 < 

41) 

K 

1) 

K 

1) 

48( 

50) 

RHO= 

.807 

7< 

7) 

27 < 

27) 

K 

1) 

50 ( 

50) 

RHO= 

.556 

42< 

42) 


- 


- 

50 ( 

50) 

RHO« 

.442 

K 

1) 


_ 


- 

50( 

50) 

RHO= 

-.213 




_ 


- 

49 ( 

50) 

RHO= 

-.389 


_ 




- 

50 ( 

50) 

RHO=» 

-.264 

1 ( 

1) 


_ 


- 

50 ( 

50) 

RHO= 

-.750 

14( 

15) 




- 

48( 

50) 

RHO- 

-.732 

2< 

2) 


_ 


- 

46( 

50) 

RHO» 

-.627 






•- 

42( 

SO) 

RHO» 

.071 


_ 


_ 


- 

49( 

SO) 

RHO* 

.457 


_ 




- 

48( 

50) 

RHO= 

.342 




_ 


- 

47( 

50) 

RHO= 

.724 

13( 

17) 


_ 


- 

45( 

50) 

RHO= 

.556 




_ 


- 

46 ( 

50) 

RHO= 

.429 


_ 


_ 


- 

47( 

50) 

RHO= 

-.702 


_ 


_ 


_ 

50( 

50) 

RHO- 

-.726 






- 

50 ( 

50) 

RHO= 

-.650 

44< 

44) 


- 

K 

1) 

50 ( 

50) 

RHO= 

-.824 

213( 

220) 

42 < 

42) 

10( 

10)1154(1200) 





TABLE 30 47 , 12 M/S, 1 CELL 


I CELL 


WIND SPEED 12.0 THETA BEAMS 1»2»J: 47.0 37.9 47.0 

SELECTION BY OBJECTIVE CRITERIA 

CLASS 1* 7A* 2D 3 4* 5* 6 7 8* 9 

$#f **♦*»****»***♦**<****♦****»♦♦♦*♦*♦*♦♦*****************»»<'*»*♦**♦♦*♦♦**♦******«******♦***♦**♦=♦♦♦♦*♦*♦»*♦♦ ♦♦♦♦^♦♦**********^^**v 


UNIQUE CORRECT 


X= 0 
X= IS 
X- 30 
X= 45 
X= 60 
X= 75 
X* 90 
X-105 
X=120 
X-135 
X=150 
X»165 
X=180 
X=195 
X = 210 
X = 225 
X*240 
X»255 
X*270 
X»285 
X=300 
X»3J5 
X = 330 


t ( 
12 < 
1( 
13( 
0( 

10 < 

4< 

9< 

15( 

6( 

2( 

6( 

2 ( 

2« 

3< 

0( 

7< 

4< 

21 < 

9< 


1 ) 
12 ? 
1 > 
13) 
1 > 

10 ) 
4) 
9 ) 
15) 
6> 
2 ) 

7) 
2 ) 
4) 
4) 
1 ) 
7) 
4) 
21 > 
9) 


2 < 

13< 

1V( 

i)( 

19< 


1( 
20 < 
10 ( 
5( 
13( 
6 ( 
12 ( 
12 ( 
26 ( 
22 ( 
14( 
1( 
14< 
17( 
12 ( 
2 < 


2 ) 

13) 

19) 
34) 

20) 


1 ) 
21 ) 
14) 
U) 

14) 
6 ) 

13) 

16) 

28) 

24) 

15) 
1 ) 

21 ) 
lU) 
13) 
4) 


0( 
0 ( 
0 ( 
0 ( 
1 < 


0< 
1 ( 
4( 
J( 
1 ( 
0 ( 
1< 
4( 
2 < 
2 ( 
2( 
0( 
0( 
U 
1< 
2 < 


13* 
I9r 
34 f 
20 » 


. 0 ) 

O) 

0) 

0 ) 

O) 


1 » 

21 » 

14. 

8 . 

14f 

6 f 

13. 

16. 

20 . 

24. 


0 ) 

0 ) 

0 ) 

0 ) 

0) 

O) 

O) 

0) 

0) 

0> 


IS. -l> 
If 0) 
21 . - 1 ) 
18. 0) 


13. 

4. 


3( 
19< 
15( 
15< 
14< 
2< 
5( 
24( 
27( 
27( 
25 ( 
14( 
28 ( 

27 ( 
20 < 
22 < 
21 < 
16( 
19( 

28 ( 
16< 
37< 


3) 

19) 
15) 

15) 
14) 

2) 

5) 

24) 
27) 

27) 

25) 
14) 

28) 

27) 

20 ) 
22) 
21) 

16) 
19) 

28) 
16) 
37) 


3< 

13( 


1( 

2( 


3) 

13) 


1) 

2) 


X = 34S 

2( 

2) 

7( 

8) 

0( 

8. 

1 ) 

7( 

7) 

0< 

1) 

1< 

1) 

TOTAL 

129( 

135) 

281 < 

313) 

33< 

313. 

-1) 

43K 

431) 

23 < 

25) 

4( 

4) 


10 ( 

9( 


3( 

1< 


0( 

0 ( 


10 ) 

9) 


3) 

1 ) 


1) 

2) 


8 ( 

19( 


8 ) 

19) 


21 < 


22 ) 


/( 

3< 


7 ) 

3) 


25 < 
16< 
31 ( 
35 ( 


50) 

50) 

50) 

SO) 


24( 
16< 
31< 
35 ( 


) 

16) 

31) 

35) 


2< 

2) 


- 


- 

33( 

SO) 

32 ( 

33) 

21 ( 

21 ) 

0( 

2) 

IK 

11 } 

4< 

50) 

0( 

4> 

21( 

21) 

13( 

13) 

IK 

11) 

13C 

50) 

13( 

13) 

28( 

28) 

2< 

2) 

3< 

3) 

13( 

50) 

13< 

13) 

1( 

1 } 


- 


- 

25 ( 

50) 

24( 

25 ) 


- 


- 


- 

23 ( 

50) 

19( 

23) 


- 


- 


- 

23( 

50) 

20( 

23) 

5< 

5) 


- 


- 

20 ( 

50) 

19( 

20) 

15< 

15) 

3( 

3) 

2( 

2) 

18( 

50) 

1B( 

18) 

7( 

7) 


- 


- 

13( 

50) 

12< 

13) 


- 


- 


- 

23( 

50) 

18( 

23) 


- 


- 


- 

30 ( 

50) 

2Q( 

30) 


- 


- 


- 

28 < 

50) 

24 < 

28) 

6( 

6) 


- 

K 

1 ) 

22 < 

50) 

20 ( 

22) 

15( 

15) 

1( 

3) 

K 

1) 

18( 

50) 

15< 

18) 

2( 

2) 


- 

K 

1) 

28( 

50) 

2K 

28) 


_ 


- 


- 

22 ( 

50) 

2K 

22) 


_ 


_ 


- 

34( 

50) 

33 ( 

34) 


- 


- 


- 

13< 

50) 

IK 

13) 

20 ( 

20) 

4( 

4) 

7( 

7) 

16( 

50) 

14( 

16) 


23< 26) 170( 170) 44( 49) 47( 47) 526<1200) 481 ( 526) 


UIND 

SPEED 

12.0 

THETA BEAMS 1. 

2.3: 

CLASS 1 - 3 

*****♦*****»*»****♦*♦*****»***»**«*** 

X* 0 - 2< 2) 

X» 15 

1( 

1) 

13< 

13) 

3( 

3) 

Xa 30 

12< 

12) 

19( 

19) 

19( 

19) 

X» 45 

K 

1) 

34< 

34) 

13< 

15) 

Xa 60 

13< 

13) 

16( 

20) 

14( 

15) 

X« 75 

0< 

1) 


- 

10( 

14) 

Xa 90 


- 


- 

2( 

2) 

X = 105 

10( 

10) 

K 

1 ) 

4( 

5) 

X=120 

4( 

4) 

21< 

21 ) 

2K 

24) 

X=135 

9( 

9) 

12C 

14) 

26< 

27) 

XalSO 

1S( 

15) 

6< 

8) 

26 ( 

27) 

Xal65 

6< 

6> 

13< 

14) 

2K 

25) 

x=ieo 

2< 

2) 

6( 

6) 

12( 

14) 

Xal95 


- 

13( 

13) 

26 ( 

28) 

X=210 

6( 

7) 

IK 

16) 

20 ( 

27) 

X=225 

2( 

2) 

. 

20) 

16< 

20) 

X=240 

2( 

4) 

22( 

24) 

18( 

22) 

X=255 

3( 

4) 

15 ( 

15) 

16( 

21) 

X-2 70 

0< 

1 ) 

K 

1 ) 

14( 

16) 

X=2B5 

7< 

7) 

16( 

21 ) 

17( 

19) 

Xa300 

4( 

4) 

17< 

18) 

22 ( 

28) 

Xa315 

2K 

21 > 

IK 

13) 

15( 

16) 

Xa330 

9( 

9) 

4< 

4) 

35( 

37) 

Xa345 

2< 

2) 

7< 

8) 

6( 

7) 

TOTAL 

129( 

135) 

288 < 

313) 

376( 

431) 


MAXIMUM LIKELIHOOD ESTIMATES 
4 5 6 


K 

2 < 


0< 


3( 

12 ( 


3) 

13) 


1> 

2 ) 


10 ( 

9( 


3< 

1< 


0 ( 

1( 


10 ) 

9) 


3) 

1 ) 


1) 

2) 


8( 
18 < 


2 ( 
18( 
20 ( 
28 ( 
1( 


4( 

9( 

7( 


3( 

10 ( 

1( 


8) 

19) 


2 ) 
21 ) 
21 ) 
28) 
1 } 


5) 

15) 

7) 


6 ) 

15) 

2 ) 


0( 

1) 

1< 

1) 

22 < 

25) 

4( 

4) 



8 


H****»«**»**«*:| 

22( 22) 7< 


- 

3( 

2< 

2) 

IK 

13< 

13) 

IK 

2< 

2) 

3< 

2( 

3) 

K 


- 

0< 

K 

3) 

0( 


- 

K 

4< 

4) 

7< 

46( 

49) 

44< 


TOTALS 


20 ( 20 ) 

24< 26) 149( 170) 46( 49) 44< 47)1082(1200) 


7) 

50( 

50) 

RHO» 

-.549 

3) 

49( 

50) 

RHO= 

-.634 

- 

50 ( 

50) 

RHQa 

-.217 

- 

48( 

50) 

RHQa 

.198 

- 

47( 

50) 

RHO» 

.577 

11) 

41( 

50) 

RHO= 

.731 

U) 

49( 

50) 

RHO= 

*644 

3) 

49 ( 

50) 

RHO= 

.187 

- 

47 ( 

SO) 

RHQa 

-.366 

- 

47 ( 

50) 

RHQa 

- . 326 

- 

47( 

50) 

RHQa 

-.279 

- 

44( 

30) 

RHQa 

-.465 

2) 

39 ( 

50) 

RHO= 

-.524 

- 

47( 

50) 

RHQa 

-.510 

- 

37 ( 

50) 

RHO= 

-.297 

- 

44( 

SO) 

RHQa 

.463 

- 

42( 

50) 

RHQa 

.646 

1) 

40( 

50) 

RM0= 

.815 

1) 

38 ( 

50) 

RHQa 

.729 

1) 

42( 

50) 

RH0= 

-.010 

- 

43 ( 

50) 

RHQa 

-.474 

- 

47 ( 

50) 

RHQa 

-.666 

- 

48 ( 

50) 

RH0= 

-.607 

7) 

47( 

50) 

RHQa 

-.737 

47)1082(1200) 
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TABLE 31 47 , 12 M/S, 5 CELLS 


5 CELLS 


WIND SPEED 12.0 THETA BEAMS 1»2»3: 47.0 37.9 47.0 


CLASS 


SELECTION BY OBJECTIVE CRITERIA 
26 3 4« 5« 


- ^o( io> o( 10, o> 2< 2) . : l\ 2ol 2o! I IV< " 2 ) t 2 ! 

X= 30 34< 34) 13< 13) 0< 13, O) 3< 3) - - I V _ I 


X= 30 
X* 45 
X* AO 
X- 75 
X= 90 
X = 105 
X = 120 
X*135 
X*150 
X=165 
X=180 
X*195 
X=210 
X=225 
X=240 
X=255 
X=270 
X=285 
X=300 
X=315 
X=330 
X=345 


34 < 
6< 
20 ( 
7( 

3( 
27< 
34 < 
39 ( 
33 ( 
2 < 
IK 
18( 
2K 
9< 
20 ( 
K 
36( 
16( 
42< 
30( 
K 


34) 

6) 

20) 

7) 

3) 

27) 

34) 
39) 

35) 
2) 

11 ) 

18) 

21 ) 

9) 

29) 
1 ) 

36) 
10 ) 
42) 

30) 
1) 


13< 
42( 
30 < 
1( 


17< 
7< 
1( 
1( 
20 < 
26 ( 
19( 
26 ( 
37< 
6 ( 
2 < 
6( 
20 ( 
4< 
3( 
K 


13) 

42) 

30) 

1 ) 


17) 

7) 

1 ) 

1 ) 

20) 

30) 

19) 
26) 
37) 

6 ) 

2) 

6 ) 

20) 
4) 
3) 
1 ) 


0 ( 

0 ( 

0< 

0< 

K 

4( 

0 ( 

0 ( 

0< 

0 ( 

2< 

0< 

0 ( 

0 ( 

0 ( 

OC 


13, 

42 

30, 

1 , 


17, 

7, 

1 , 

1 , 


O) 

0) 

0 ) 

0 ) 


0 ) 

0 ) 

O) 

0 ) 


20 , - 1 ) 

30, 0) 


19, 
26, 
37, 

6 , 
2 , 
6 , 

20 , 
4 , 
3, 
1 , 


0 ) 

0 ) 

0) 

0 ) 

- 2 ) 

0 ) 

0) 

0 ) 

0 ) 

0 ) 


3( 

2 ( 


6 ( 

9< 

10 < 

14( 

8 ( 

9( 

13< 

3< 

4( 

14( 

18( 

8 ( 

12 ( 

4< 

17( 

3( 


19< 

47< 


50) 

50) 


19( 
47 < 


TOTAL 422( 423) 292 ( 296) 


2) 


- 


- 




- 




- 

48( 

SO) 

48< 



“ 


~ 


~ 


~ 


“ 


- 

50 ( 

50) 

50 < 

2) 


“ 


“ 


- 

40 < 

40) 


- 


- 

8< 

SO) 

e< 

~ 



4( 

4) 

8( 

8) 

13( 

13) 

20 < 

20) 

5< 

3) 

24< 

SO) 

24( 





“ 


“ 

46( 

46) 


- 

1( 

1) 

3( 

50) 

3( 

6 ) 




~ 


~ 


- 


- 


- 

44( 

50) 

44( 

9 ) 


“ 


~ 




- 


- 


- 

4l( 

50) 

41( 

10) 


~ 


• 


” 


, •* 


” 


- 

40( 

50) 

40( 

14 > 


“ 




- 


- 


- 


- 

36( 

SO) 

36 ( 

8) 

13< 

13) 


- 


- 

7< 

7) 


- 


- 

33( 

50) 

35< 

9) 






“ 


~ 


- 


- 

4l( 

50) 

37< 

13 ) 


~ 




~ 


- 


- 


- 

37< 

50) 

37< 

3 ) 


~ 


“ 




- 


- 


- 

47( 

30) 

47< 

4 ) 






~ 


- 


- 


- 

46( 

50) 

46( 

14) 

1 ( 

1) 


“ 


— 


- 


— 


_ 

36( 

50) 

35 ( 

18) 

23 ( 

23) 


- 


- 

6( 

6) 


- 


- 

26 < 

50) 

26 ( 

8 ) 


” 






- 


- 


- 

42< 

50) 

42( 

12) 




“ 


“ 




- 



38 < 

50) 

38 ( 

4) 


~ 


” 


“ 


“ 


- 


- 

46< 

SO) 

46< 

17) 




■* 


- 


- 


- 


- 

33 < 

SO) 

33< 

3) 


~ 

3( 

3) 

4< 

4) 

36 ( 

36) 

0< 

1) 

1( 

1) 

6< 

50) 

5( 

161) 

37 < 

37) 

19< 

19) 

40( 

40) 

170< 

170) 

46( 

47) 

7( 

7) 

822(1200) 

816< 


19) 

47) 

40) 
SO) 

8) 

24) 

3) 

44) 

41) 

40) 

36) 

35) 

41) 

37) 
47) 
46) 

36) 
26) 

42) 

38) 
46) 
33) 

6 ) 


5 CELLS 


WIND SPEED 12.0 THETA BEAMS 1,2,3: 47.0 37.9 47.0 


CLASS 


MAXIMUM LIKELIHOOD ESTIMATES 


TOTALS 


tttttttM$*tt*tt*****t*tt**t*t****tt**tt***t**t*$t**tt***tt*tt*tt***t***t*ttt***ttttT^tt***tt****tt*tt*ttt 


X= 0 


- 


“ 


- 


- 

3( 

3) 

19< 

19) 

2< 

2) 

26 < 

26) 


- 

S0( 

50) 

RHO= 

-.730 

X= 15 


— 

10( 

10) 

2< 

2) 


- 

9< 

9) 

9( 

9) 

20 ( 

20) 


- ^ 


_ 

S0( 

50) 

RHO= 

-.345 

X» 30 

34 < 

34) 

13< 

13) 

3< 

3) 


- 


- 


- 


- 


- 


- 

50 ( 

50) 

RHO= 

-.064 

X« 45 

6( 

6) 

42 ( 

42) 

K 

2) 


- 


- 


- 


- 


- 


_ 

49< 

50) 

RHO> 

.232 

X» 60 

20( 

20) 

30 < 

30) 


- 


- 


- 


- 


- 


- 


- 

50 ( 

50) 

RHO> 

.713 

X= 75 

7< 

7) 

K 

1) 

2< 

2) 


- 


- 


- 

40 < 

40) 


- • 


~ 

50 ( 

SO) 

RHO» 

.640 

X= 90 


~ 


“ 


- 


- 

4( 

4) 

8( 

8) 

13( 

13) 

20( 

20) 

5( 

5) 

50 ( 

50) 

RHO» 

.706 

X*105 

3( 

3) 


- 


- 


- 


- 


- 

46 ( 

46) 


- 

K 

1) 

S0( 

50) 

RHO= 

.070 

X=120 

27 < 

27) 

17( 

17) 

6( 

6) 


- 


- 


- 


- 




_ 

50 ( 

50) 

RHO= 

-.333 

X=135 

34( 

34) 

7< 

7) 

9( 

9) 


- 


- 


- 


- 


- 


_ 

50 ( 

50) 

RHO“ 

-.172 

X=150 

39 ( 

39) 

K 

1) 

10( 

10) 


- 


- 


- 


- 


- 


- 

50 ( 

50) 

RHO= 

-.350 

X«165 

35( 

35) 

K 

1) 

14< 

14) 


- 


- 


- 


- 


- 


- 

50 ( 

50) 

RHO* 

-.524 

X«180 

2( 

2) 

20 ( 

20) 

8< 

8) 

13( 

13) 


- 


- 

7< 

7) 


- 


- 

50 ( 

50) . 

RHO= 

-.721 

X*195 

IK 

11) 

30 ( 

30) 

9< 

9) 


- 


- 


- 


- 




_ 

50 ( 

50) 

RHO- 

-.213 

X=t210 

18( 

18) 

19< 

19) 

13( 

13) 


- 


- 


- 


- 


- 


- 

50 ( 

50) 

RHO- 

-.024 

X>225 

2K 

21) 

26 ( 

26) 

3( 

3) 


- 


- 


- 


- 


- 


- 

50 < 

50) 

RHO= 

.454 

X»240 

9< 

9) 

37 < 

37) 

4( 

4) 


- 


- 


- 


- 


_ 



50 ( 

50) 

RHO~ 

.483 

X-2S5 

28( 

29) 

6( 

6) 

13( 

14) 

K 

1) 


- 


- 


_ 


- 


_ 

48( 

SO) 

RHO>* 

.781 

X*270 

K 

1) 

2< 

2) 

18< 

18) 

23 < 

23) 


- 


- 

6( 

6) 




_ 

50 ( 

50) 

RHO=* 

.468 

X-283 

36 ( 

36) 

6( 

6) 

0< 

8) 


- 


- 


- 


- 


- 


_ 

50 ( 

50) 

RHQc 

-.056 

X-300 

18< 

18) 

20( 

20) 

12( 

12) 


- 


- 


- 


- 


- 


- 

S0( 

50) 

RHO= 

-.546 

X»315 

42( 

42) 

4< 

4) 

4< 

4) 


- 


- 


- 


- 


_ 


_ 

50 < 

50) 

RHO= 

-.626 

X*330 

30< 

30) 

3< 

3) 

17( 

17) 


- 


- 


- 


- 


- 


- 

S0( 

50) 

RHO» 

-.569 

X«345 

1( 

1) 

K 

1) 

3< 

3) 


“ 

3( 

3) 

4( 

4) 

36 < 

36) 

K 

1) 

K 

1) 

50< 

50) 

RHO» 

-.568 

TOTAL 

422< 

423) 

296 ( 

296) 

159( 

161) 

37< 

37) 

19( 

19) 

40 ( 

40) 

170( 

170) 

47< 

47) 

7( 

7)1197(1200) 
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TABLE 32 47 , 24 I^S, 1 CELL 


t CELLS 


UlMD SPEED 24.0 THETA BEAHS 1.2,3: 47.0 37.9 47.0 


CLASS - 1» 2l\t 2B objective CRITERIA 

X- 30 23( 23) 21< ‘1 ‘1! ' - I I 5?> Ji< ^«> 


SELECTION BY OBJECTIVE CRITERIA 
2B 3 4* 5* 


X» 15 

X- 30 

X« 45 

X- AO 

X» 75 

X* 90 

X=i05 

X«120 

X=133 

X-150 

X*165 

X*180 

X*IV5 

X=210 

X»225 

X«240 

X«2S5 

Xs270 

X«285 

X»300 

X*3I5 

X=330 

X»345 


t4( 
23 ( 

1< 

4< 
14< 
8 < 
10 < 
7( 
3< 
1< 
8 ( 
28 < 
29< 
9< 
1< 

tO( 

8 ( 

7< 

8 ( 

4< 


14) 

23) 

1 ) 

4) 

14) 

B> 

10 ) 

7) 
3) 
1) 

8 ) 
28) 
29) 

9) 

1 ) 

10 ) 

8) 

7) 

8 ) 
4) 


20 ( 
Jl< 
46( 
4S< 
30< 
9< 
13( 
24< 
27< 

35 ( 
S< 
3< 
6( 

19< 

1A( 

36 < 
12 ( 

2 ( 
24 < 
35 ( 
29 ( 
24 < 


20 ) 
21 ) 
46) 
45) 
30) 
9) 
13) 
24) 
27) 
35) 
8 ) 
3) 
6 ) 
20 ) 
16) 
37) 
12 ) 


0< 46» 

0( 45r 


3) 

25) 

36) 

29) 

24) 


0 < 

5( 

0 ( 

0 ( 

o< 

0 ( 

0( 

0 ( 

0 ( 

U 

0 ( 

1< 

0 ( 

1< 

1( 

1( 

0< 

1( 


30 1 
9f 
13 * 
24f 
27 r 

35 s 

8r 

3 B 
6 1 
20 r 
16 r 

37 » 
12b 

3b 
25 b 

36 b 
29 b 
24 b 


-2) 

IK 

11) 

S( 

5> 

0) 

6< 

6) 



0) 

4< 

4) 


_ 

0) 

4( 

4) 


_ 

0) 

13( 

13) 

3< 

3) 

-5) 

14< 

14) 

2K 

21 > 

0) 

17< 

17) 

5< 

5) 

0) 

18( 

18) 



0) 

13( 

13) 


_ 

0) 

8( 

8) 


_ 

3) 

2< 

2) 



0) 


- 


_ 

0) 

2< 

2) 


_ 

0) 

2( 

2) 


_ 

0) 

5( 

5) 


_ 

0) 

4< 

4) 


_ 

0) 

5< 

5) 

0< 

18) 

- 

K 

1) 

0( 

22) 

0) 

9< 

9) 

0( 

16) 

0) 

17< 

17) 



0) 

7< 

7) 


_ 

0) 

13( 

13) 


_ 

1) 

14< 

14) 

4( 

4) 

•8) 

198 < 

198) 

60( 

116) 


3< 


t< 

2 < 

1< 


39( 50) 

44( 50) 

46( 50) 

46< 50) 


1) 33< SO) 

50) 


2) 34< 

1 ) 


12( 

12) 

19( 

19) 

6( 

6) 

18< 

18) 

4< 

4) 

i&( 

18) 


total 200< 200) 497< 505) lA, 505. -8) 198( 198) 60( llA) 22< 22) 55< SA) i^< 

5S< 56) 16< 39) 47( 47) 17( 17) 890<1200) 826< 890) 


K 

1) 

5< 

5) 

K 

1) 

2K 

21) 

8( 

9) 

4< 

4) 

0< 

10) 

2( 

2) 

0< 

2) 

14< 

14) 

0( 

11) 

K 

1) 


* 


- 


- 



3( 

3) 



16( 

39) 

47( 

47) 


2 < 

IK 


32( 50) 

32< 50) 

37< 50) 

- 42< 50) 

- 28< 50) 

31( 50) 

22< 50) 

48C 50) 

45< 50) 

46< 50) 

2) 33( 50) 

11) 36( 50) 

30< 50) 

33< 50) 

- 43( 50) 

37( 50) 

32< 50) 


39 ( 
44< 
46 ( 
46 ( 
33 < 
34( 
32 ( 
32( 
37 ( 
42 ( 
25 < 
3I( 
22 < 
47< 
45< 
45 < 
1S( 
14< 
13( 
32 < 
42 ( 
37 ( 
32 < 


39) 

44) 

46) 

46) 

33) 

34) 
32) 

32) 
37) 

42) 
28) 

31) 
22 ) 
48) 

45) 

46) 

33) 

36) 
30) 
33) 

43) 

37) 

32) 


1 CELL 


UINO SPEED 24.0 THETA BEAMS 1»2b3J 47.0 37.9 47.0 


CLASS 


MAXIMUM LIKELIHOOD ESTIMATES 
3 4 5 6 


X= 0 
X* 15 

3( 

14( 

3) 

14) 

16< 

20< 

16) 

20) 

9( 

IK 

9) 

11) 

22 ( 
5< 

22) 

5) 




1 1 

X* 30 

23< 

23) 

20 ( 

21) 

6( 

6) 




_ 


_ 

X» 45 


- 

46< 

46) 

4( 

4) 







X» 60 

1< 

1) 

45< 

45) 

4( 

4) 


_ 


_ 



Xs 75 


- 

30 ( 

30) 

13( 

13) 

3( 

3) 


_ 


_ 

X* 90 

4< 

4) 

9< 

9) 

14( 

14) 

2K 

21) 




_ 

X»105 

14< 

14) 

13( 

13) 

16( 

17) 

S( 

5) 


_ 



X-120 

8( 

8) 

24 < 

24) 

18( 

18) 




_ 



X»135 

tO( 

10) 

27 ( 

27) 

13< 

13) 







Xsl50 

7< 

7) 

3S< 

35) 

8( 

8) 


_ 


_ 



X«16S 

3< 

3) 

8( 

8) 

2( 

2) 


_ 

12< 

12) 

19( 

19) 

XalOO 

K 

1) 

3( 

3) 


- 


- 

6( 

6) 

ie< 

18) 

X»195 

8( 

8) 

6( 

6) 

2< 

2) 


- 

4< 

4) 

ie< 

18) 

X»210 

28< 

28) 

18( 

20) 

2( 

2) 


_ 





X«225 

29( 

29) 

16( 

16) 

5( 

5) 




_ 



X»240 

9< 

9) 

36 ( 

37) 

4( 

4) 


_ 


_ 



X*2S5 

1( 

1) 

12( 

12) 

3< 

5) 

5< 

18) 


_ 


_ 

X*270 




- 

1( 

1) 

12< 

22) 


_ 


_ 

X»28S 

10< 

10) 

2< 

3) 

7< 

9) 

9( 

16) 


_ 



X-300 

8< 

8) 

24 ( 

25) 

16( 

17) 




_ 


_ 

X*31S 

7< 

7) 

35 < 

36) 

7< 

7) 







X-330 

8( 

8) 

29 ( 

29) 

13< 

13) 


_ 


_ 



X»345 

4( 

4) 

24( 

24) 

14( 

14) 

4( 

4) 


- 

K 

1) 

total 

200< 

200) 

498 ( 

SOS) 

192< 

198) 

86 < 

116) 

22< 

22) 

56 < 

56) 


1( 

1( 

8 ( 


3) 


1) 5< 

1 ) 21 ( 
8) 4( 


5< 10) 

1( 

4( 


3( 


2) 14( 

11 ) 1 ( 


- 


- 

50< 

SO) 

RHOs 

-9 526 

“ 


- 

S0( 

50) 

RHO= 

-.627 

“ 


“ 

49< 

50) 

RHO* 

-.485 

~ 



50( 

50) 

RHOa 

-.039 



- 

S0( 

50) 

RHOa 

,571 


0( 

1) 

49( 

50) 

RHOa 

• 616 

• 

K 

2) 

49< 

50) 

RHOa 

.482 

■* 

K 

1) 

49 < 

50) 

RHOa 

-.320 

“ 


- 

50 ( 

50) 

RHO= 

-.382 



- 

S0( 

SO) 

RHOa 

-.311 

“ 


- 

S0( 

SO) 

RHOa 

.027 

5) 


- 

50( 

50) 

RHOa 

-.390 

21) 


- 

50 ( 

50) 

RHOa 

-.461 

4) 


- 

50 ( 

50) 

RHOa 

-.472 



- 

48( 

50) 

RHO= 

-.055 



- 

50 < 

50) 

RHOa 

• 214 



- 

49< 

50) 

RHOa 

.467 

2) 

2< 

2) 

30( 

50) 

RHCia 

.738 

14) 

10( 

11) 

38 ( 

50) 

RHOa 

.357 

1) 


- 

33 ( 

50) 

RHOa 

.306 

■* 


- 

40( 

50) 

RHOa 

-.306 

“ 


- 

49 < 

50) 

RHOa 

-.438 

“ 


- 

50 < 

50) 

RHOa 

-.140 

“ 



50 ( 

50) 

RHOa 

-.506 

47) 

14< 

17)1141(1200) 
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TABLE 33 


4 M/S, 


5 CELLS 


53.5 


5 CELLS 


UINO SPEED 4.0 THETA BEAMS 1.2.3: 53.5 44.3 53.5 





SELECTION 

BY OBJECTIVE 

CRITERIA 







CLASS 

1« 

2A« 

2B 3 

4* 

54 

6 

7 

8* 

9 

UNIQUE 

CORRECT 


t*t*ttt^*ttt*t**t**t**t****$ttt****t**tt**t*il^$***^**t**ttttttt***tt*tt*t*tttt1ft^f**tttttt$**}|^*Jl^$.*i~**t***t^^**$*^^tt*t*tt*t*ttt**$**** 


Xa 0 


- 


- 



- 

K 

3) 


- 


- 


- 

4( 

23) 

0( 

1) 

6( 

23) 

K 

SO) 

0( 

1) 

X» 15 


- 


- 



- 

K 

5) 

0( 

1 > 


- 


- 

10( 

20) 

3( 

3) 

6( 

21) 

4( 

50) 

3( 

4 ) 

X- 30 


- 

2< 

2) 

0( 

2. 

0) 

12< 

35) 


- 


- 


- 

4< 

11) 


- 

2( 

2) 

2( 

50) 

2( 

2) 

X= 45 


- 

12( 

12) 

0( 

12. 

0) 

3K 

35) 


- 


- 


- 

2< 

3) 


- 


- 

12( 

50) 

12( 

12) 

Xa 60 


- 

2< 

2) 

0( 

2 f 

0) 

20 ( 

24) 


- 


- 


- 

12( 

12) 

0( 

3) 

8( 

9) 

5 ( 

50) 

2( 

5) 

X« 75 


- 


- 



- 

4( 

5) 

0( 

1) 


- 


- 

9( 

17) 


- 

17( 

27) 

K 

50) 

0( 

1 ) 

X» 90 


- 


- 



- 


- 


- 


- 

2( 

2) 

4< 

16) 

1 ( 

4) 

5( 

28) 

4< 

50) 

1 ( 

4) 

X=105 


- 


- 



- 

2( 

3) 


- 


- 


- 

3< 

14) 

1 ( 

2) 

8( 

31 ) 

2< 

50) 

K 

2) 

X«120 


- 

K 

2) 

K 

2. 

0) 

8( 

18) 


- 


- 


- 

6( 

14) 

1 < 

2) 

8( 

14) 

4< 

50) 

2( 

4) 

Xal35 


- 

0( 

1) 

0( 

1 . 

1) 

15( 

39) 


- 


- 


- 

4( 

6) 


- 

3( 

4) 

K 

50) 

0< 

1 ) 

X=150 


- 


- 



- 

19( 

44) 


- 


- 


- 

2< 

2) 


- 

2( 

4) 

0< 

50) 


- 

X«165 


- 


- 



- 

7( 

30) 


- 


- 


- 

5( 

12) 


- 

2< 

8) 

0< 

50) 


- 

X»180 


- 


- 



- 

7( 

21) 


- 


- 


- 

4< 

18) 


- 

K 

11) 

0( 

50) 


- 

X«195 


- 

K 

2) 

2( 

2. 

-1) 

6( 

29) 


- 


“ 


- 

3( 

11 ) 

K 

1) 

2( 

7) 

3( 

50) 

2( 

3) 

X»210 


- 

0< 

2) 

2( 

2. 

0) 

20 ( 

41) 


- 


- 


- 

5< 

6) 


- 

K 

1 ) 

2( 

50) 

0( 

2) 

X«225 

0( 

1) 

0( 

4) 

4( 

4. 

0) 

9< 

38) 


- 


- 


- 

2< 

4) 


- 

K 

3) 

5( 

50) 

0( 

5) 

X«240 


- 

0( 

6) 

6( 

6 . 

0) 

9( 

27) 


- 


- 


- 

3< 

8) 

1 ( 

1) 

4< 

8) 

7< 

50) 

1 ( 

7) 

X=255 


- 

0< 

1) 

K 

1. 

0) 

10( 

28) 


- 


- 


- 

4< 

13) 


- 

3( 

8) 

. K 

50) 

0< 

1 ) 

X=270 


- 


- 



- 

7( 

19) 


- 


- 


- 

7< 

11) 

1 ( 

1 > 

10( 

19) 

K 

50) 

K 

1 ) 

X=285 


- 

K 

2) 

0( 

2. 

1) 

12( 

34) 


- 


- 


- 

2( 

4) 

1 ( 

1 ) 

1 ( 

9) 

3( 

SO) 

2( 

3) 

X=300 

0( 

1) 

K 

2) 

K 

2. 

0) 

17( 

41) 


- 


- 


- 

2< 

3) 


- 

2( 

3) 

3( 

50) 

1 ( 

3) 

X«315 


- 

0( 

1) 

K 

1. 

0) 

17( 

45) 


- 


- 


- 

2( 

3) 


- 

K 

1 ) 

1< 

50) 

0( 

1 ) 

X»330 

K 

1) 

K 

1) 

0( 

1. 

0) 

13< 

28) 


- 

K 

1) 

K 

1) 

5( 

14) 

0( 

1 ) 

3( 

3) 

4( 

50) 

3< 

4) 

X*345 


~ 

0< 

1) 

K 

1. 

0) 

3( 

5) 


- 


- 


- 

9< 

16) 

2< 

3) 

6( 

25) 

4< 

50) 

2( 

4) 

TOTAL 

K 

3) 

2K 

41 ) 

19< 

41. 

1) 

250 ( 

597) 

0< 

2) 

K 

1) 

3( 

3) 

il3< 

261) 

12( 

23) 

102( 

269) 

70(1200) 

35 ( 

70) 


5 CELLS 


WIND SPEED 4.0 THETA BEAMS 1.2.3! 53.5 44.3 53.5 

MAXIMUM LIKELIHOOD ESTIMATES 


TOTALS 


X» 0 
X= 15 
X=» 30 
X« 45 
X» 60 
X=» 75 
X» 90 
X»105 
X-120 
X»135 
X»150 
X-16S 
X»180 
X-195 
X-210 
X-225 
X=240 
X»255 
X-270 
X-285 
X»300 


0< 


0 ( 1 ) 


2( 

12 < 

1 < 


2 ( 

0 ( 


1( 

1( 

2 ( 

1 < 

1( 

0< 

1< 

1( 


2 ) 

12) 

2 ) 


2) 

1 ) 


2 ) 

2 ) 

4) 

6 ) 

1 ) 

2 ) 

2 ) 

1 ) 


0 ( 
5< 
24( 
29 ( 
IK 
0 ( 

3( 
15( 
24 < 
23 ( 
17( 
14< 
16( 
19( 
19( 
10 ( 
18< 
IK 
15< 
27 < 
37 < 


3) 

5) 

35) 

35) 

24) 

5) 

3) 

ie> 

39) 

44) 
30) 
21 ) 
29) 
41) 
38) 

27) 

28) 
19) 
34) 
41) 

45) 


K 


1) 


X=330 

X«345 

K 

1) 

K 

K 

1) 

1) 

25( 

K 

28) 

5) 


- 

K 

1) 

K 

TOTAL 

K 

3> 

27( 

41) 

363 < 

597) 

K 

2) 

K 

1) 

3( 


2) 


17( 

14( 

8 ( 

2( 

10 ( 

12 ( 

16( 

14( 

10 < 

K 

K 

K 

5< 

2 < 

K 

K 

2 < 

5( 

7< 

2 ( 

K 

3( 

14< 

16< 


23) 

20 ) 

11 ) 

3) 
12 ) 

17) 
16) 
14) 
14) 

6 ) 

2) 

12) 

18) 
11 ) 

6) 

4) 
8) 

13) 
11 ) 

4) 

3) 

3) 

14) 
16) 


K 

1) 

23 ( 

23) 

4K 

50) 

RHO= 

>.768 

3( 

3) 

21< 

21) 

43( 

50) 

RHO= 

-.359 



K 

2) 

35 ( 

50) 

RHO= 

.562 


_ 


- 

43( 

SO) 

RIIO = 

.779 

2( 

3) 

9( 

9) 

33( 

50) 

RHO=^ 

,891 


- 

26 ( 

27) 

39 < 

50) 

RHC)^ 

.737 

4( 

4) 

23 ( 

28) 

50 ( 

50) 

RHO= 

.603 

2( 

2) 

3K 

31) 

50 ( 

50) 

RHO= 

.345 

2( 

2) 

12( 

14) 

4K 

50) 

RHO=-* 

.600 


_ 

K 

4) 

26 ( 

50) 

RHO= 

.112 


_ 

K 

4) 

25 ( 

50) 

RHO= 

-.609 


- 

K 

8) 

19( 

50) 

RHOa 

-.788 


- 

0( 

11 > 

19( 

50) 

RHO= 

-.699 

0< 

1) 

3< 

7) 

22 ( 

50) 

RHO= 

-.521 


- 

0( 

1) 

21( 

50) 

RHO= 

-.276 


_ 

3( 

3) 

25( 

50) 

RHO= 

.653 

0( 

1) 

K 

8) 

14( 

50) 

RHO= 

.825 


- 

0( 

8) 

24( 

50) 

RHO= 

.773 

0( 

1) 

K 

19) 

19( 

50) 

RHO= 

.310 

0< 

1) 

2< 

9) 

19( 

50) 

RHO= 

-.446 


- 

2( 

3) 

3K 

50) 

RHO= 

-.311 


_ 

K 

1) 

42( 

50) 

RHOa 

-.641 

K 

1) 

3( 

3) 

47 ( 

50) 

RHO=s 

-.894 

3( 

3) 

25 ( 

25) 

46( 

50) 

RHO== 

-.905 


3) 165( 261) 18< 23) 195< 269) 774(1200) 



TABLE 34 53.5 , 4 M/S, 25 CELLS 


UINO SPEED 4.0 THETA BEAMS 1»2.3: 53.5 44.3 53.5 


SELECTION BY OBJECTIVE CRITERIA 

CLASS 1* 2A* 2D 3 4* 5* 6 78* 9 UNIOUE CORRECT 

«*<»***»****«************♦******************♦*****♦*♦*♦************»********************♦**♦******♦**********»*♦***»♦***♦***♦»*♦*♦ 


X=» 0 


_ 


_ 



_ 


- 

0( 

3) 

K 

1) 

2( 

2) 

IK 

21 ) 

K 

1 ) 

15( 

X» 15 


- 


- 



- 


- 

0< 

4) 


- 

2( 

2) 

2K 

31) 

2< 

2) 

2( 

X= 30 

2< 

2) 

3( 

3) 

0< 

3r 

0) 

35 ( 

42) 


- 


- 


- 

3( 

3) 


- 


X» 45 

K 

1) 

7( 

7) 

0( 

7t 

0) 

37 ( 

42) 


- 


- 


- 


- 


- 


X« 60 

1( 

1) 

2( 

3) 

K 

3> 

0) 

34 ( 

35) 

0( 

2) 


- 


- 

9< 

9) 


- 


X* 75 


_ 


- 



- 

K 

1) 

0< 

10) 


- 

K 

1) 

20 < 

25) 

0( 

5) 

5( 

X* 90 


- 


- 



- 


- 


- 


- 

2< 

2) 

5( 

12) 

4C 

5) 

15( 

X«105 

2< 

2) 


- 



- 


- 


- 

S ( 

5) 

4< 

4) 

14( 

23) 

4( 

4) 

6( 

X=120 

4( 

4) 


- 



- 

14( 

20) 


- 


- 


~ 

17( 

26) 


- 


X=135 

K 

1) 

3( 

4) 

K 

4r 

0) 

37( 

45) 


- 


- 


- 




- 


X*150 

2( 

2) 

3( 

5) 

K 

5* 

1) 

29 ( 

43) 


- 


- 


- 


- 


- 


X=165 

K 

1) 

K 

4) 

2< 

4f 

1> 

2K 

33) 

K 

1) 


- 

0< 

1) 

2( 

9) 


- 

0( 

X»180 


- 

3< 

4) 

3( 

4f 

-2) 

15( 

29) 

K 

1) 


- 


- 

4( 

10) 

K 

1) 

2( 

X=195 


- 

0( 

1) 

K 

Ir 

0) 

15( 

33) 

K 

1) 




- 

3< 

10) 


- 

3( 

X=210 


- 

0< 

4) 

4( 

4f 

0) 

34< 

45) 


- 


- 


- 

K 

1) 


“ 


X»225 


- 

0< 

7) 

7< 

7f 

0) 

2K 

43) 


- 


- 




- 


•* 


X«240 



0< 

2) 

2( 

2r 

0) 

29( 

47) 


- 


- 


- 

K 

1) 




X*255 

K 

1) 

0< 

2) 

2( 

2f 

0) 

13< 

25) 

K 

1) 


- 


- 

10( 

19) 


- 

0< 

X-270 


- 

K 

1) 

K 

Ir 

-1) 

IK 

21) 

K 

1) 




- 

10( 

19) 


- 

4< 

X=285 


- 

5< 

8) 

3( 

8» 

0) 

20< 

30) 


- 


- 


- 

6( 

11) 


- 

K 

X=300 

2< 

2) 

2( 

3) 

K 

3r 

0) 

3K 

45) 


- 


- 


- 







5( 50) 

8< 50) 

6i 50) 
8) 15( 50) 

31) 5( 50) 


8 ( 8 ) 
3( 6) 

0< 15) 


6( 12) IK SO) IK 11) 

4< 50) 4< 4) 

5( SO) 4< 5) 

7( SO) 5( 7) 

0( 1) 6( 50) 3( 6) 

2( 5) 6( 50) 5< 6) 

3( 5) 2C SO) K 2) 

4( 50) 0< 4) 

7< 50) 0< 7) 

2( 50) 0( 2) 

0<* 2) 4( 50) 2( 4) 

4< 8) 2< 50) 2( 2) 

K 1) 8( 50) S( 8) 

5( 50) 4( 5) 


29( 47) 

22 ( 31) 

0 < 1 ) 


TOTAL 2K 21) 30< 58) 29< 58» -1) 448< A58) 5( 25) 


0< 

1) 

3( 

3) 

2< 

5( 

2) 

5) 

10< 

13( 

12) 

32) 

K 

2) 

4< 

9) 

5< 50) 

3< SO) 

5( 

K 

5) 

3) 

5( 

25) 

9( 

9) 

18< 

19) 

16K 

275) 

13< 

20) 

57 ( 

115) 

133(1200) 

78 ( 

133) 


UIND SPEED 4.0 THETA BEAMS l»2r3: 53.5 44.3 53.5 


MAXIMUM LIKELIHOOD ESTIMATES 

CLASS 12 3 4 5 6 7 8 9 TOTALS 

t****************************************************************************************^^**:**^********** 


Xs 0 


- 


- 


- 

3( 

3) 

X- IS 


- 


• 


- 

4( 

4) 

X» 30 

2( 

2) 

2( 

3) 

40( 

42) 


- 

X- 4S 

K 

1) 

7< 

7) 

4K 

42) 


- 

Xa 60 

K 

1) 

0( 

3) 

27 ( 

35) 

2( 

2) 

X* 75 


- 


- 

0( 

1) 

10( 

10) 

X« 90 




- 


-■ 


- 

XalOS 

2( 

2) 


- 


- 


- 

X»120 

4( 

4) 


- 

20 ( 

20) 


- 

X-135 

K 

1> 

3( 

4) 

32 ( 

45) 


- 

X«150 

2( 

2> 

4( 

5) 

38( 

43) 


- 

X-16S 

1( 

1) 

3( 

4) 

28( 

33) 

0( 

1) 

x-ieo 


- 

4( 

4) 

20 ( 

29) 

K 

1) 

X«195 


- 

K 

1) 

28 ( 

33) 

1< 

1) 

X«210 


- 

2( 

4) 

37( 

4S) 


- 

X«225 


- 

2( 

7) 

24 ( 

43) 


- 

X-240 


- 

K 

2) 

35 ( 

47) 


- 

X~255 

K 

1) 

2( 

2) 

19( 

25) 

0( 

1) 

X-270 


- 

K 

1) 

18( 

21) 

K 

1) 

X-28S 


- 

8( 

8) 

22 ( 

30) 


- 

X-300 

2( 

2) 

3( 

3) 

28 ( 

45) 


- 

X-315 

2( 

2) 


- 

44< 

47) 


- 

X-330 

2< 

2) 


- 

26 ( 

31) 


- 

X-34S 


- 


- 

K 

1) 

K 

1) 

TOTAL 

2K 

21) 

43( 

58) 

528 ( 

658) 

23( 

25) 


2) 2K 21) 
2 > 30 ( 31) 

2( 3) 


IK 11 ) 49 < 50) 

A6( 50) 

49( 50) 

39( 50) 


K 

1) 

22 ( 

25) 

S( 

S ) 

7( 

8) 

45( 

50) 

RMOa 

.773 

2( 

2) 

12( 

12) 

5( 

5) 

3K 

31) 

50 ( 

50) 

RHO= 

.734 

4( 

4) 

23 ( 

23) 

4( 

4) 

12( 

12) 

S0( 

50) 

RHQa 

.702 


7( 10) 

9< 10) 


0 < 1 > 
2( 19) 

8( 19) 

4( 11) 

K 1) 
2 ) 12 ( 12 ) 
5) 3K 32) 


50 ( 50) 

- . 36( 50) 

44< SO) 

1) 33 ( 50) 

5) 34( SO) 

5) 43( SO) 

39< SO) 
26( 50) 

36( 50) 

2) 24 < 50) 

8) 30( SO) 

1) 34( SO) 

33 ( 50) 

47 ( 50) 

45 ( 50) 

9) 49( 50) 


9) 18( 19) 220< 275) 20< 20) 99< 115) 981(1200) 


141 



35 53.5°, 8 WS, 5 CELLS 


HIND SPEED 8.0 THETA BEAMS 1.2.3: 53.5 4A.3 53.5 

SELECTION BY OBJECTIVE CRITERIA 


SELECTION BY OBJECTIVE CRITERIA 7 8« 9 UNIQUE CORRECT 

s:n 5”.. - — 

o - " _ If 11 S( B) 34( 35> " *Ai 




6( 

5( 

5) 

20 < 

7( 

7) 

9< 


- 

1< 

1< 

1) 


6( 

6) 

9( 

4( 

4) 

13( 

12< 

12) 

2( 

1( 

1) 

3( 


•> 

1( 


- 

3( 


- 

5< 

2( 

3) 

2( 

0< 

1) 

4< 


- 

2< 


- 

3( 

2( 

2) 

5< 

S( 

6) 

8( 

5( 

5) 

2< 

4( 

4) 

4( 

54 ( 

57) 

102 ( 


3) 


4( IOp 
0 ( 20 » 
0< 9f 
0 ( 


l( 3 b 
4< 4f 
2 < 2 » 
3< 4f 
3< 8» 


3) 


5( 

5) 

39 < 

40) 

25 < 

25) 

33< 

34) 

5< 

6) 

5( 

6) 

28 ( 

30) 

29 ( 

30) 

34 < 

35) 

29< 

34) 

21< 

26) 

35 ( 

39) 

40 ( 

42) 

35 < 

44) 

39 < 

43) 

35 < 

37) 

21( 

23) 

36< 

38) 

30 < 

32) 

39 ( 

42) 

27 ( 

32) 

3( 

3) 

593 ( 

646) 


0 ( 1 ) 

0< 1> 


1 ) 0 < 


1 < 10 ) 



_ 

32 ( 

33) 

1< 

4) 

6( 

6) 

3< 

3) 

15( 

15) 

10< 

12) 

18( 

19) 

1( 

1) 

31< 

35) 

1< 

1) 

3( 

3) 


- 

5( 

5) 


_ 


- 

0( 

1) 

8( 

9> 



1( 

1) 

0< 

3) 

15C 

17) 



2( 

2 ) 

0< 

1) 

5( 

5) 


- 

1 ( 

1 ) 


- 

7< 

7) 


- 





14( 

17) 

2( 

2) 

4( 

4) 


- 

5( 

5) 


- 


- 


- 

7< 

7) 


_ 


- 

1( 

1) 

34 < 

39) 

1< 

1)' 

1< 

1) 

14< 

19) 

240 ( 

259) 

18( 

23) 

50( 

51) 


50) 

4( 

6) 

50) 

1( 

1) 

50) 

6( 

10) 

50) 

25< 

25) 

50) 

16( 

16) 

SO) 

2< 

3) 

50) 

10( 

13) 

50) 

4( 

5) 

50) 

15( 

15) 

50) 

17< 

20) 

50) 

14< 

15) 

SO) 

4( 

5) 

50) 

1( 

2) 

50) 

3( 

4) 

50) 

5< 

8) 

50) 

4( 

6) 

50) 

4( 

7) 

SO) 

3( 

6) 

50) 

5( 

6) 

50) 

7( 

7) 

SO) 

13( 

18) 

50) 

7( 

8) 

50) 

8( 

11) 

50) 

1< 

6) 


WIND SPEED 8.0 THETA BEAHS lB2r3: 53.5 44.3 53.5 


CLASS 


1 




tttttMtttnt********************* 

X* 0 


- 


*• 


X* 15 


- 


** 

5< 

X* 30 


- 

5< 

10) 

26 ( 

X* 45 

5( 

5) 

17< 

20) 

17( 

Xs 60 

5( 

7) 

9( 

9) 

30 ( 

X» 75 


- 

. 1< 

1) 

2< 

X« 90 


- 




X=105 

1< 

1) 


- 

6< 

X»120 

6( 

6) 

9< 

9) 

27 ( 

XS135 

4( 

4) 

15< 

16) 

25 < 

X*150 

12( 

12) 

3< 

3) 

34< 

Xsl65 

1( 

1) 

4< 

4) 

31( 

X«1B0 


- 

2< 

2) 

21 ( 

X*195 


- 

3< 

4) 

19< 

X»210 


- 

6< 

8) 

27 < 

X-22S 

2< 

3) 

2< 

3) 

38 ( 

X»240 

0( 

1) 

5< 

6) 

35 ( 

X»2SS 


- 

3< 

4) 

28 ( 

X*270 


- 

3( 

4) 

22 ( 

X«285 

2< 

2) 

5< 

5) 

32 ( 

X»300 

5( 

6) 

9( 

12) 

27 < 

X*315 

S( 

5) 

3( 

3) 

41( 

X«330 

4( 

4) 

7( 

7) 

31< 

X*34S 





2< 

TOTAl 

S2( 

57) 

IIK 

130) 

526( 


MAXIHUM LIKELIHOOD ESTIMATES 
3 4 5 6 


5( 

5) 


1< 

8< 

10) 

4< 

5) 15< 


1) 29< 30) 

8) 33< 35) 


30( 33) 


1) 35< 35) 

4( 5) 


1) 5( 9) 

3) U< 17) 
1) 2< 5) 


2< 7) 

7< 17) 


7< 7) 

1) 36 < 39) 


8 

ittttttt******* 

3( 

3) 

13( 


- 

1< 

4< 

4) 

6( 

12< 

12) 

19( 

1( 

1) 

3< 


- 

0< 


- 

0< 


_ 

0( 

0< 

2) 

0( 

1< 

1) 

1( 

21( 

23) 

43( 


49< 

50) 

RHO= 

-.757 

48( 

SO) 

RHQs 

-.807 

31 ( 

50) 

RHO« 

.214 

39 < 

50) 

RHO= 

.361 

44( 

50) 

RHO= 

.695 

43 ( 

50) 

RHO» 

.738 

48( 

50) 

RHO= 

.797 

50 ( 

50) 

RHO= 

.351 

46( 

50) 

RHO= 

-.221 

44( 

50) 

RHO» 

-.383 

49 ( 

50) 

RHO* 

-.639 

41< 

50) 

RHO= 

-.764 

35 ( 

50) 

RHO= 

-.691 

24 ( 

50) 

RHO= 

-.736 

33 ( 

50) 

RHO« 

-.310 

42< 

50) 

RHO= 

.685 

40 ( 

50) 

RHO« 

.724 

33 < 

SO) 

RHO= 

.682 

32 ( 

50) 

RHO= 

.779 

43( 

50) 

RHQs 

.455 

41< 

50) 

RHO= 

-.742 

49< 

50) 

RHO» 

-.783 

49 ( 

50) 

RHO= 

-.825 

46( 

SO) 

RHO= 

-.783 


142 



TABLE 36 53.5°, 8 M/S, 25 CELLS 


2S CELLS 


UINO SPEED e.O THETA DEAHS 1,2,21 S3.S 44.3 S3. 5 





SELECTION 

BY OBJECTIVE 

CRITERIA 







CLASS 

1« 

2A« 

2B 3 

4« 

5* 

6 

7 

G* 

9 

UNIQUE 

CORRECT 


tt9***99*tttt****t**t*****$$*t*****ttt*****tt**t*t**t*t**t**tt**t*tt*$t*tttttt*t***tt***ttt^t*tt******t*t******$******t*********** 


X- 0 


- 


- 



- 


~ 


- 



9( 

9) 

13< 

13) 

IK 

11) 

17( 

17) 

IK 

50) 

IK 

11) 

X* 15 


- 


- 



- 


- 


- 

6( 

6) 

16( 

16) 

26 ( 

28) 


- 


- 

6( 

50) 

6( 

6> 

X- 30 


- 

17< 

18) 

1( 

18f 

0) 

32 < 

32) 


- 


- 


- 


- 




- 

18( 

50) 

17( 

18) 

X- 45 

13< 

13) 

28 ( 

29) 

1( 

29 f 

0) 

8( 

8) 


- 


•• 


- 


- 


- 


- 

42 < 

50) 

4K 

42) 

X« 60 

23( 

23) 

14( 

14) 

0< 

14» 

0) 

13( 

13) 


- 


- 


- 


- 


- 


- 

37< 

50) 

37( 

37) 

X* 75 


- 


- 



- 

1( 

1) 

0< 

2) 


- 


- 

46 ( 

46) 

0( 

1 > 


- 

3( 

50) 

0( 

3) 

X* 90 


- 


- 



- 


- 


- 

3< 

3) 

10( 

10) 

7( 

7) 

18( 

19) 

1 1 ( 

1 1 ) 

22< 

SO) 

2K 

22) 

X«10S 


- 


- 



- 


- 


- 

7( 

7) 

1( 

1 ) 

42( 

42) 


- 


- 

7< 

50) 

7( 

7) 

X«120 

27 < 

27) 

6< 

6) 

0< 

6, 

0) 

17< 

17) 


- 


- 


- 


- 


- 


- 

33< 

50) 

33 < 

33) 

X=135 

13( 

13) 

13< 

14) 

1( 

XA, 

0) 

23 < 

23) 


- 


- 


- 



- 


- 


-- 

27( 

50) 

26( 

27) 

X»150 

34 ( 

34) 





- 

16( 

16) 


- 


- 




- 


- 


- 

34 ( 

50) 

34( 

34) 

Xsl65 

12( 

12) 

2( 

3) 

3( 

3. 

-2) 

35 < 

35) 


- 


- 


- 


- 


- 


- 

15< 

SO) 

14( 

IS) 

X°180 

1( 

1) 

1< 

2) 

2( 

2, 

-1) 

28 < 

28) 


- 


- 

0< 

2) 

17< 

17) 


- 


- 

3( 

50) 

2< 

3) 

X*195 


- 

1( 

7) 

6( 

7f 

0) 

43< 

43) 


- 


- 


- 


- 


- 


- 

7{ 

50) 

K 

7) 

X=«210 

1< 

2) 

6< 

10) 

4< 

10» 

0) 

38 ( 

38) 


- 


- 


- 


- 


- 


- 

12< 

50) 

7< 

12) 

X«225 

4< 

4) 

9< 

11) 

2( 

11* 

0) 

35 < 

35) 


- 


- 


- 


- 


- 


- 

15< 

50) 

13( 

15) 

X=240 

1( 

1) 

7< 

10) 

3( 

lOf 

0) 

39 < 

39) 


- 


- 


- 


- 


- 


- 

IK 

50) 

8< 

11) 

X«255 

8( 

8) 

4( 

4) 

0< 

4> 

0) 

38 ( 

38) 


- 


- 


- 


- 


- 


- 

12( 

50) 

12< 

12) 

X=270 


- 

0( 

1) 

1< 

1, 

0) 

24 < 

25) 

3< 

3) 


- 


- 

21 ( 

21) 


- 


- 

4< 

50) 

3( 

4) 

X«205 

12< 

12) 

6( 

6) 

0< 

6 , 

0) 

32 < 

32) 


- 


- 


- 


- 


- 


- 

18< 

50) 

18< 

10) 

X-300 

13( 

13) 

7( 

10) 

3( 

10. 

0) 

27 < 

27) 


- 


- 


- 


- 


- 


- 

23 < 

50) 

20 ( 

23) 

X=315 

28 ( 

28) 


- 



- 

22 < 

22) 


- 


- 


.. 


- 


- 


- 

28 ( 

50) 

28 ( 

28) 

X-330 

20 < 

20) 

1( 

4) 

3< 

4f 

0) 

26 < 

26) 


- 


- 


- 


- 


- 


- 

24 ( 

50) 

2K 

24) 

X*345 


- 


- 



- 


- 

0< 

3) 

5< 

5) 

2< 

2) 

39 ( 

39) 


- 

1( 

1) 

8( 

50) 

5( 

0) 

TOTAL 

210< 

211) 

122( 

149) 

30 < 

149. 

-3) 

497 ( 

498) 

3< 

8) 

21 ( 

21) 

38 ( 

40) 

213( 

213) 

29 ( 

31) 

29 ( 

29) 

420<1200> 

385< 

420) 


cnc • Ji/\ 


25 CELLS 

UZND SPEED e.O THETA BEAMS lr2>3: 53.5 44.3 53.5 


MAXIMUM LIKELIHOOD ESTIMATES 

CLASS 123456789 TOTALS 

t9*9*9*9*99*9***9***99**9*9t9tt***t***t********ttt9t*****************t**ttt9'$t*tt94i*it*9t***t9*t***«*t*$t** 


X» 0 




_ 


_ 


- 


- 

9< 

9) 

13< 

13) 

IK 

11) 

17< 

17) 

S0< 

50) 

RHO- 

-.823 

X» 15 


- 




- 


- 

6( 

6) 

16< 

16) 

28 ( 

28) 


- 


- 

50 ( 

50) 

r<HO= 

-.567 

X* 30 


- 

18< 

18) 

30 ( 

32) 


- 


- 


- 


- 


- 


- 

4Q( 

50) 

RHO= 

.215 

X» 45 

13( 

13) 

28 < 

29) 

6< 

8) 


- 


• - 


- 


- 


- 


- 

47< 

50) 

RMO« 

.718 

X- 60 

23( 

23) 

14< 

14) 

13< 

13) 


- 


- 


- 


- 


- 


- 

50 ( 

SO) 

RHO^ 

.716 

X* 75 




- 

0( 

1) 

2( 

2) 


- 


- 

43 < 

46) 

1< 

1) 


- 

46( 

50) 

RHO= 

.830 

Xs 90 




- 


- 


- 

3( 

3) 

10< 

10) 

7( 

7) 

19< 

19) 

IK 

11) 

50 ( 

50) 

RHD= 

.015 

X«105 


- 


- 


- 


- 

7< 

7) 

K 

1) 

42(, 

42) 


- 


- 

50 ( 

50) 

RHO= 

.306 

X»120 

27< 

27) 

6( 

6) 

17( 

17) 


- 


- 


- 


- 


- 


- 

50 ( 

50) 

RHO= 

-.437 

X»135 

13< 

13) 

14< 

14) 

23( 

23) 


- 


- 


- 


- 


- 


- 

50 < 

50) 

RHO= 

-.365 

X*lSO 

34 ( 

34) 


- 

16( 

16) 


- 


- 


- 


- 


- 


- 

S0( 

50) 

RHO= 

-.698 

Xal6S 

12< 

12) 

3( 

3) 

35 < 

35) 




- 


- 


- 


- 


- 

50 < 

50) 

. RHO* 

-.715 

X»180 

1( 

1) 

2< 

2) 

27< 

28) 


- 


- 

2( 

2) 

15< 

17) 


- 


- 

47 ( 

50) 

RHO- 

-.869 

X*19S 


- 

2( 

7) 

25 ( 

43) 


- 


- 


- 


- 


- 


- 

27 < 

50) 

RHO=* 

-.702 

X*210 

1< 

2) 

7< 

10) 

34 ( 

38) 


- 


- 


- 


- 


- 


- 

42< 

50) 

RHO* 

.277 

X»225 

4( 

4) 

10< 

11) 

3K 

35) 


- 


- 


- 


- 


- 


- 

45 < 

SO) 

RHO= 

.744 

X*240 

1( 

1) 

9< 

10) 

38< 

39) 


. - 


- 


- 


- 


- 


- 

48 ( 

50) 

RHO= 

.807 

X»255 

8< 

8) 

4( 

4) 

35 ( 

38) 


- 


- 


- 


- 


- 


- . 

47( 

50) 

RHO=^ 

.817 

X*270 


_ 

1( 

1) 

25 ( 

25) 

3< 

3) 


- 


- 

21( 

21) 


- 


- 

50( 

50) 

RHO= 

.765 

X-28S 

12< 

12) 

6< 

6) 

32< 

32) 


- 


- 


- 


- 


- 


- 

50 ( 

50) 

RHO= 

.520 

X«300 

13< 

13) 

10( 

10) 

26 ( 

27) 


- 


- 


- 


- 


- 


- 

49 < 

SO) 

RHO= 

-.482 

X»31S 

28 < 

28) 


- 

22 ( 

22) 


- 


- 


- 


- 


- 


- 

S0( 

SO) 

RHO- 

-.761 

X»330 

20 ( 

20) 

4< 

4) 

26 < 

26) 


- 


- 


- 


- 


- 


- 

50 < 

50) 

RHO = 

-.748 

X»345 


- 


- 


- 

3( 

3) 

5< 

5) 

2< 

2) 

39< 

39) 


" 

K 

1) 

50 ( 

SO) 

RHO=^. 

-.766 

TOTAL 

210< 

211) 

138( 

149) 

461 < 

498) 

8( 

8) 

2K 

21) 

40< 

40) 

208 ( 

213) 

3K 

31) 

29 ( 

29)1146(1200) 




EOF: 40 

o: 


TABLE 37 


53.5°, 12 ^VS, 5 CELLS 


& ULLS 


x:uO iFLtn ThF.lA HtAMS 1*2,3: bj.b HH,i S3.S 


StLtCTIUN BT objective crite«i* 


Class 


1 • 


2A* 



2H 


3 


9» 


b* 


6 


7 


8* 


9 

UNiCuC 

CORRECT 

A- 0 


• 


. 



_ 


_ 



1 1 

1 1 

lol 

16) 

HI 

91 

29! 

29| 

5| 

• • » • « 

5} 

251 

501 

251 

251 

A> 15 

1 < 

1 } 

|5< 

151 

Ui 

lb, 

01 


- 



71 

7 1 

1 1 1 

1 1 1 

151 

151 


- 

1 1 

1 1 

231 

50) 

231 

23) 

*» .TO 

5( 

S 1 

39 1 

391 

nt 

39 , 

0 1 

1 1 1 

i 1 1 




- 


- 


• 


- 


• 

391 

5o) 

39) 

39) 

A« *ib 


• 

921 

92> 

Ui 

92, 

Ul 

61 

6 1 




- 


- 


• 


- 


. 

921 

50) 

92) 

92) 

k S 60 

1 7« 

1 / ) 

761 

76» 

Ul 

^6, 

0 1 

7 1 

71 




- 


- 


- 


- 


- 

9JI 

50* 

931 

93) 

k* 7S 


. 

1 t 

1 1 

Ui 

1 , 

0 1 

131 

131 




- 



291 

291 

01 

1 1 

61 

6| 

21 

501 

' 1 1 

2) 

l« 90 


- 


- 



- 


- 



31 

3) 

bl 

S) 

16I 

I6i 

|61 

181 

|01 

|0» 

191 

501 

191 

19) 

*■105 


f 1 


• 



- 

1 1 

1 1 




- 

21 

2) 

381 

38) 



1 1 

1 1 

• ( 

50 » 

il 

8) 

X« 1 2C 

1 t ( 

1 1 1 

lei 

16 1 

Ul 

IE. 

0 1 

2 1 1. 

21 1 




- • 


• 


- 





291 

50» 

29| 

29) 

*•135 

l*«l 

I*-! 

lUI 

1 1 i 

1 1 

1 1 . 

0 1 

251 

251 


• 


- 


- 


- 





251 

50) 

291 

25) 

XctSO 

29( 

29 1 

31 

bl 

2 1 

b. 

0 1 

21 1 

211 


- 


- 


- 


• 





291 

501 

271 

29) 

k«lfS 

71 

7 ) 

9 ( 

51 

21 

b. 

-1 1 

3HI 

36) 


- 


-■ 


- 


- 





|21 

so> 

111 

121 

k«lEO 


- 

5( 

6l 

21 

6 , 

- 1 1 

1 6 1 

16) 

a 1 

8) 


- 

01 

1 1 

171 

171 

21 

21 



161 

So) 

isi 

161 

X«195 


- 

191 

191 

U 1 

19 , 

01 

321 

321 


- 

01 

1 1 


- 

31 

31 





151 

50) 

191 

15) 

X«2I 0 

1 1 

1 ) 

161 

IBl 

21 

IB. 

01 

311 

311 


- 


- 


- 







191 

501 

)7| 

19 1 

X.225 

C( 

1 I 

i91 

31 1 

21 

31 , 

u) 

18 1 

18 1 


- 


- 


- 


- 





321 

50) 

291 

32) 

x*790 

71 

E 1 

22* 

231 

1 1 

23, 

0 1 

19 1 

19) 


- 


- 


- 


• 





311 

50) 

291 

31 1 

X«25S 

6 1 

6) 

161 

lei 

31 

16 , 

-1 1 

i 1 1 

2) 1 

1 I 

1 1 


- 


- 

91 

9 1 





251 

50) 

23) 

25) 

k<?70 


- 

31 

31 

li 

2 

-1 1 

16 1 

16) 

121 

12) 

01 

1 ) 

01 

1 1 

171 

171 





161 

501 

151 

16) 

x«2es 

le 1 

IE 1 

6 1 

1 1 1 

t 1 

1 1 , 

0 1 

201 

20) 


- 


- 


- 

1 1 

i 1 





291 

501 

291 

29 I 

X»3D0 

12 1 

12 1 

191 

ibi 

1 1 

15, 

0 1 

23 1 

231 


- 


- 


- 







271 

501 

261 

27 ) 

X*3|S 

29 t 

29 I 

51 

61 

1 1 

6 , 

C 1 

151 

lb ) 


- 


- 


- 


. 





351 

SO) 

391 

3S1 

X«330 

161 

161 

9 1 

7 I 

J< 

7 , 

0) 

27 1 

27 1 


- 




- 







231 

SO) 

20| 

231 

X•3».5 

1 t 

1 1 

bl 

51 

Ul 

5, 

C 1 

51 

b 1 

01 

1 1 

6 1 

6 1 

SI 

bl 

201 

20) 

bl 

b) 

21 

21 

181 

50) 

17( 

18) 

total 

1771 

i 79 » 

j*?21 

319 1 

261 

319 , 

*.4 1 

3661 

3Bbl 

211 

22) 

I71 

I9I 

391 

91 1 

1 691 

|69l 

971 

98 1 

25l 

2&I 

58211200) 

5591 

582) 


5 CCLLb 


► It.f' bfiEI 12.0 THETA tjEAHb |,i,3: £. 3 • 5 ‘<‘♦,3 53.*, 

HaXImUH LIKLUhOCO EST|HATES 


CLASS 


1 


2 


3 


9 


5 


6 


7 


8 


X« 0 






_ 



1 1 

1 1 

1 6l 

161 

91 

9 1 

291 

29) 

5* 

x« 15 

1 1 

I 1 

ISI 

151 


- 



7 1 

7 1 

1 1 * 

1 1 1 

ISI 

151 


• 

1 * 

x» 30 

b 1 

5) 

391 

39) 

1 1 1 

1 1 1 




* 


“ 


” 




«• 9S 



921 

92 » 

h 1 

6 1 




- 


• 


* 




X« 6C 

161 

17» 

26 1 

2 w 1 

71 

71 




• 


” 


• 


• 

61 

X* 7b 


1 1 

1 1 

9 1 

131 




•• 


• 

261 

29 1 

1 1 

1 1 

X» 90 








3l 

3) 

51 

5) 

161 

16 1 

161 

161 

;01 

X*iOS 

1 1 

8 1 


- 

1 1 

1 I 




- 

2* 

21 

381 

361 


* 

1 1 

X»1 70 

1 1 1 

1 1 1 

171 

IF 1 

2L1 

2 I 1 




■ 


• 




“ 


x« |3b 

l.Sl 

1 9 1 

1 1 < 

1 1 1 

2-5* 

25 1 




- 


“ 


* 




1-I50 

29 1 

29 1 

91 

5) 

21 1 

2 I 1 




* 


“ 


• 




X«16b 

71 

71 

51 

5) 

3t 1 

3b 1 




“ 


- 


* 




X«18Ci 



61 

6 1 

Ibl 

1 6 1 

7 1 

P. ) 


- 

01 

1 I 

ISI 

17 1 

21 

2 1 


X»19b 



I“1 

191 

3Iil 

32 I 



Ol 

1 1 


“ 

31 

3 1 


• 


X«2I0 

1 1 

1 1 

161 

16) 

2f 1 

311 




• 


“ 


~ 


• 


X«22S 

bl 

1 1 

3b 1 

31 1 

161 

IM 




“ 


“ 


” 


” 


X«290 

6 1 

1 1 

231 

23 1 

161 

19 1 




“ 


" 


~ 


~ 


X-2b5 

6 1 

6 1 

171 

1 6 1 

171 

21 1 

1 ( 

1 1 


- 


- 

3 1 

9 1 


“ 


k*270 


.. 

21 

31 

191 

U 1 

|7< 

17 1 

Dl 

1 1 

01 

1 1 

1 i * 

1 7 1 


• 


X«2tb 

lol 

1 6 t 

bl 

1 1 1 

19 1 

2l‘ 1 


- 


- 


- 

1 1 

1 1 


• 


X*3Ub 

U 1 

12) 

151 

• SI 

il 1 

2 3 I 


- 


- 


“ 


" 


*■ 


X»31b 

i V 1 

79 1 

6 1 

6 1 

Ibl 

Ibl 




• 


“ 


“ 


* 


|b330 

161 

16) 

71 

7 1 

i’7 1 

7 7 I 


• 


- 


“ 


" 


” 

21 

X»34b 

1 1 

1 I 

bl 

• bl 

•1 1 

9 1 

1 1 

1 1 

6 1 

61 

51 

5 1 

201 

20) 

5l 

51 

total 

1 7/1 

1 79 » 

30** 1 

319 1 

369 1 

jM. 1 

^ i t 

1 

171 

|9l 

39 1 

9 1 1 

IbSl 

169 J 

98 1 

48 1 

i.51 


9 TOTALS 


51 

SOI 

bO) 

rho» 

••666 

1 1 

sot 

501 

rho» 

-.576 

- 

SOI 

SO) 

RhOb 

-.226 

• 

SOI 

50 1 

RhO* 

• 285 

- 

991 

50 1 

HhOb 

• 688 

6 1 

951 

501 

KhOb 

.822 

lOI 

501 

501 

RhOb 

.799 

1 1 

501 

50 1 

KhOb 

.357 


98 1 

50) 

HhOb 

-.999 


501 

bOl 

KhOb 

-•397 


99 1 

501 

RhOb 

-.962 


501 

bOI 

RhOb 

-.7)6 


951 

SOI 

RhOb 

-.677 


97 1 

50 1 

RmOb 

- . 658 


951 

50) 

RHOb 

.157 


961 

bui 

HHOb 

.6C1 


991 

501 

RhOb 

.755 


99 1 

50 1 

RhOb 

.789 


901 

SOI 

RhOb 

.793 


961 

501 

KHO* 

.039 


981 

501 

HhOb 

-.792 


bOt 

50 1 

RHOb 

-.793 


SOI 

50) 

RHOb 

-.690 

7| 

991 

bOl 

KhOb 

-.812 
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.45 ft** .li /“N.'li.**itf> 1 :M^o ft 7C 


' **.fi /<*** k Te r i;: 4567‘v . •**Cu ns. »z 


TABLE 38 53.5°, 12 M'S, 25 CELLS 


?5 CCLLf 


Ul*tc i¥FtO \2.Z T►£T4 PLAfiS ItT,?: fi.f 4^.3 Z7..‘ 


SeLCCTI?N PY OhJlCT!V£ CfilTtRlA 


CLASS 


1 • 


.’A* 



2H 


3 


4 • 


-• 




>.= 


. 


• 



_ 




. 

2 ( 

2 ) 

m i 

29) 


15 

K 

1 > 

21 

2) 

1 

2. 





- 

2M 

2! 7 

1 ? < 

IT) 

it 

Ys 31 

7* 

7> 

4’l 

43) 


4’, 

, ) 




- 




- 


AS 4f 

: 1 

! ) 

4=1 

4’l 


49, 

:) 




- 




- 


A= 6- 

r VI 

.■'= ) 

2 :c 

: » 


2 . * 

;i 

:i 

: ) 


- 




- 


y= 75 

5( 

2 1 

1C 

i> 

r c 

1, 

:> 

1 ( 

! ) 


- 




- 

4 2( 

> = 


- 


- 



- 




- 

71 

77 

K I 

:?) 

k 1 

7=1 '« 

; 1 

1 ) 


- 



- 




- 




- 

4C| 

4 = 12*^ 

3- 1 

7f ) 

= c 

= ) 


4, 


5 1 

= ) 


- 




- 


y=i3S 

• .( 

4' ) 

f c 

t) 


6, 

1) 

4( 

4) 


- 




- 


X = lf 3 

47 ( 

46) 


- 



- 

4 I 

4) 


- • 




- 


X=!S« 

4 ■< 

* : 1 

21 

2) 

1 1 

2, 

-i) 

PC 

£) 


- 




* 


7 = 16 1 

?< 

2 > 

t f 

4) 

1 1 

f. 

-2 ) 

15i 

ID 

15C 

15 1 




- 

7l 

7 = 195 

?l 

! ) 

2 : i 

. , 1 


21, 


26C 

7.5 ) 


- 




- 


>=2:'- 

4| 

* 1 

221 

2 f * 

4 ( 

2f , 


1 '« 

1 ' > 


• 




- 


a = 225 

21 

2) 

4? I 

4 / ) 


46 , 

■' 1 

21 

21 


- 




- 


' = 24f 

i‘ I 

It i 

2 ( 

2 ) 

" ( 

3-, 

?) 

51 

f ) 


- 




- 


X = 255 

321 

2! > 

f I 

«) 


9, 


5 ( 

F) 


- 




♦ 


X=27“5 


- 

:c 

: ) 

1 I 

It 

-1 ) 

211 

21 ) 

281 

r» J 




- 


- = 2c5 

4 ( 

4 ; ) 

? 1 

'j 


2, 

') 

PI 

A) 


- 




- 


7 = 3- 1 

7f i 

26 1 

I'f 

1 ) 


1 , 

: ) 

4< 

4) 


- 




- 


Y = 215 

4f I 

46 ) 

; 1 

1 ) 


! , 


2< 

2) 


• 




- 


X = 33-; 

411 

• 1 7 

21 

2) 

1 

!, 

.1 

= ( 

6) 


• 






VSY45 


“ 


- 



- 


- 


- 

111 

in 

12 I 

12) 

261 

TSTAL 

a:s( 

429 1 

2tf C 

2: 1 

7 ( 

2 1 * , 

-3) 

121( 

!21) 

42C 

*3) 

41 f 

4! 7 

7;*!f 

7 7 

1421 



: • 


U.‘. 

:r.u»* 

c:f 

fi£ CT 

191 

: i- » 


Zl t 

i . 7 

2it 

21 1 

.» 



241 

5 . 7 

341 

24) 




5*1 

5 ) 

5ri 

5D 




5;i 

5 ” ) 

5.( 

577 




491 

e ) 

491 

447 

43) 



61 

5 { ) 

4| 

57 

i: ) : 5 1 

) 


32 1 

5 '•) 

22C 

227 

4? ) 



; I 

5 . } 

K 

:.) 




4 * 1 

Zt 1 

451 

457 




4t 1 

K ^ 1 

45( 

457 




46C 

5.7 

*51 

.491 




42 < 

e j 

♦2 1 

427 

9) 



?4| 

R , ) 

2=1 

25) 




24 < 

5 . 7 

341 

34) 




4.1 

5 ■ 7 

2r( 

4 .1) 




4«S 1 

i ^ 1 

45C 

4*7 




45 < 

c } 

45< 

45) 




421 

5 D 

421 

12 7 




<® I 

5 ) 

25 ( 

2?) 




421 

5 ' 7 

421 

'I?) 




*c 1 

C ) 

h4( 

46) 




471 

. . J 

47< 

4^7 




44 ( 

c ■ ) 

*4 1 

44) 

26 ) 



:ii 

5 .) 

liC 

:i) 

42) 441 

44) 

- 

S57I ; 

2.^7 

?fe?l 

?5') 


-S CtLLS 


SPltr 12. C THLTA btAhS 1,2,3: b3«S ^*<.3 b3.S 


HAAItUfM LIALLImUOO estimates 

CLASS I ^ 3 H 5 6 7 0 


A« 0 




- 


- 



31 

31 

20{ 

s • . . 

28) 



s • • • . 

19| 

♦ * • * 

|9 1 

*■ IS 

1 1 

1 7 

31 

27 


« 



201 

2C1 

I7( 

17) 

91 

9) 



A* 3C 

;i 

7 1 

*»3I 

43) 


• 




. 




• 



AS 4S 

1 1 

1 1 

49 1 

49 1 


- 






. 


_ 



As 6C( 

291 

29 1 

301 

?tl 

1 t 

t 7 




• 


. 





AS 7S 

SI 

5 ) 

1 1 

i 7 

1 1 

1 I 




. 


- 

43 1 

431 



is VQ 


- 


- 


“ 



71 

71 

l2i 

m 

6 1 

.6} 

2SI 

25 1 

AS teS 

1 1 

1 ) 


- 


- 




. 


. 

491 

49 1 



AS 12b 

361 

36) 

91 

9 1 

bl 

57 






_ 


. 



Asl 36 

•Ul 

407 

6 1 

6 7 

4 1 

4 7 






. 





AS 150 

461 

46 1 


- 

4 C 

4 7 


_ 


_ 




_ 



As US 

401 

4C7 

21 

77 

61 

6 7 











AS 1 to 

31 

37 

PI 

»* 7 

Ibl 

Ibl 

lb( 

lb) 


. 


_ 

9 1 

9) 



As US 

31 

3) 

31 < 

3)1 

\t < 

167 











As210 

4 1 

4 7 

3SI 

36 7 

101 

1C7 


- 


_ 




_ 



As2?$ 

21 

i > 

461 

46 1 

21 

27 


. 


_ 




_ 



|s2«»0 

ISI 

15 7 

301 

30 7 

5 ( 

5 1 


• 


_ 


_ 





ls25S 


33 7 

9< 

9 7 

i>( 

0 7 






. 


• 



Is273 


- 

1 I 

1 1 

211 

21 7 

281 

26 1 


. 




. 



Xs28S 

4U1 

40 7 

21 

27 

f 1 

6 7 


. - 









Xs300 

361 

367 

ICI 

i07 

4 1 

4 1 


. 




« 





XsJts 

461 

461 

1 1 

I 7 

31 

37 


- 


_ 


_ 


. 



Xs333 

411 

4 | 1 

31 

31 

6 1 

6 > 


- 




_ 


_ 



|s3ss 


• 


* 


“ 


* 

1 1 1 

1 1 1 

131 

131 

261 

261 



total 

4?4 1 

9297 

3C9I 

3tC7 

I2t 1 

12 1 7 

43{ 

437 

41 1 

41 1 

?oi 

70) 

1421 

|92l 

44 f 

44 1 


y totals 


SOI 

1 • • • • 

bQ) 

RHO« 

-.749 

so 1 

sc 1 

RhC« 

-.SOS 

SOI 

SO) 

RhO« 

-.240 

SOI 

So 7 

rho« 

. 466 

SOI 

SOI 

RH0« 

• 6 35 

SOI 

So 7 

rho* 

.847 

SOI 

bo 1 

RhOs 

• 61S 

SOI 

SO) 

RHO« 

• 294 

SCI 

SOI 

Rho* 

-.517 

SOI 

SCI 

RHOs 

-.582 

SOI 

b07 

rho« ■ 

-.242 

SOI 

bO) 

RhO« 

-.652 

SOI 

bO) 

RHO* 

-.62 1 

sot 

SO) 

RmO* 

-•SIS 

491 

bo) 

hhO- 

.012 

SOI 

SO) 

rhO* 

.587 

SOI 

SOI 

rho* 

• S71 

SOI 

SOI 

RHO* 

.743 

SOI 

SO) 

RHO* 

• 692 

SOI 

SO) 

rhO* 

• 229 

SOI 

SO) 

RhO* 

-.793 

sot 

So 1 

RHO* 

-.743 

SOI 

SO) 

RhO* 

-.631 

SOI 

SC) 

RhO* 

-•751 


“ I I’VI 12001 






»P-i V . . .y ' , ■ 

r-J"- < ' 
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5 CELLS 


TABLE 30 53.5°, 24 M/S, 


5 CCLLE 


talfiO SPt€r/ ;h,c thlta ij.b **n,i sj.s 


StLEClION Bt objective CKITLKIA 


CLASS 


1 • 


2A- 



2'* 


3 


1. 


S* 


6 


7 


8- 


9 

UNICuE 

COH«ECT 

*■ U 


2 ) 

1 J1 

IJ 1 

1 ( 

1 J. 

-i 1 

121 

121 

231 

231 






- 





381 

50) 

3ei 

38 ) 

A* 15 

15< 

ISI 

21 ' 

21 1 

51 

21 , 

-1 1 

1 1 1 

111 








- 





361 

sol 

361 

36) 

A« 3: 


3H 1 

I6l 

1 6 > 

M 

1 6 , 

U 1 


- 








• 





501 

sol 

SOI 

SO) 

X* -4S 

7( 

7 1 

1 J« 

13 1 

:■ 1 

13. 

i; 1 


- 








- 





501 

501 

SOI 

SO) 

X * t-r. 

1 ( 

1 I 

*4 9 4 

■49 t 

iii 

17 1 

0 1 


- 








- 





SOI 

SOI 

SOI 

SOI 

f 75 

1 1 

1 1 

16 i 

16 1 

01 

•J J, , 

U) 

1 1 

1 1 







21 

2 1 





171 

50 1 

171 

17 ) 

X« SO 


- 

n t 

6 1 

51 

1* . 

-5 1 

191 

19 1 

231 

23i 






- 





311 

501 

il 1 

31) 

X -105 

361 

36 1 

5I 

5 1 

l-l 

5 . 

0 1 

7 1 

7 1 

21 

2l 






- 





131 

501 

*♦31 

13) 

X - 1 20 

1 7 1 

1 7 1 

23 I 

2PI 

Cl 

2 A , 

0 ) 

5 1 

b 1 








- 





iSl 

SOI 

ISl 

151 

X-I 35 

221 

22i 

27I 

27 1 

01 

27 , 

c> 

1 .1 

1 1 








- 





191 

Sol 

191 

19 ) 

X-IEO 

1 I 1 

i 1 1 

3H 

39 1 

ni 

37, 

C ) 


- 








- 





SOI 

50) 

SOI 

SO) 

X-165 

bl 

6 1 

3t 

J 1 

II 

3. 

0 i 

1 1 

1 1 



2l 1 

71 1 

18 1 

18 1 


- 

1 1 

1 1 



31 1 

Sol 

3| 1 

31 ) 

X-180 


- 


- 



- 


- 



101 

I0» 

191 

111 


- 

211 

21 1 



31 1 

50 1 

311 

31 ) 

A » i r* S 

S( 

51 

I I 

1 1 

U( 

1 I 

» C I 

1 1 

1 1 



17 1 

171 

261 

261 


- 


- 



231 

SOI 

231 

231 

x»2 : L 

3/1 

371 

J 3l 

1 Jl 

t;i 

1 3, 

0 J 


- 






- 


- 


- 



501 

501 

SOI 

SO) 

X-225 

i'fi 

39 1 

I > I 

1 I 1 

t ( 

1 1 . 

0 1 


- 






- 


- 


- 



SOI 

SO) 

SOI 

SO) 

X»2'*0 

61 

6 } 

'4 1 1 

1«4 J 

ni 

11. 

, ti I 


- 






- 


- 


- 



501 

50) 

SOI 

SO) 

X-2S5 

1 1 

1 J 

7 1 

7 1 

51 

7. 

S) 

31 

3 1 






- 

01 

391 


- 



81 

SOI 

S( 

8 ) 

X-270 


- 


- 



- 


- 

01 

I3i 




- 

01 

12) 

20 f 

20) 

51 

S) 

331 

501 

2U( 

33) 

y«2H5 

; 1 

71 


- 



- 

SI 

51 

Ul 

31 




- 

01 

31 1 

J 1 

1 1 



111 

501 

81 

1 1 ) 

X-30C 

ISI 

15 I 

2bl 

25 1 

!;l 

25, 

01 

101 

ICl 


- 




- 


- 


- 



101 

50) 

lot 

101 

X-315 

lut 

1U> 

39 1 

39 1 

Cl 

37, 

ni 

1 1 

1 1 


- 




- 


- 


- 



191 

50) 

*♦91 

19 ) 

X-33U 

1/ 1 

171 

271 

27 1 

01 

27, 


61 

6 1 


- 




- 


- 


- 



111 

50) 

111 

11) 

X-3'»5 

151 

151 

191 

IV* 

31 

17, 

-3 * 

131 

131 

31 

3l 




“ 


- 


” 



371 

Sol 

371 

371 

total 

JO**! 

3011 

4/»H 

1r 1 1 

111 

.. h *t , 

-J'j 1 

991 

99 ) 

51 1 

67, 

181 

16 1 

631 

631 

21 

8 7 1 

131 

131 

St 

5) 

916 1 12001 

V30I 

916 ) 


& CELLS 


-INC SFtED 21. C theta beams I»2.3: SJ.5 1l.>S3.S 


CL*55 


1 


2 


3 

0 

21 

2 ) 

131 

1 2 ) 

121 

12 1 

I- IS 

ISl 

15 1 

71 * 

71 ) 

111 

1 S ) 

i« 30 

311 

31 ) 

161 

16) 


- 

X- lb 

7 1 

7 ) 

131 

131 


- 

X» 60 

1 1 

1 > 

19 1 

19 1 


- 

7- 75 

1 1 

1 ) 

16 1 

16) 

1 I 

1 1 

»• 90 


- 

bl 

6 ) 

191 

19 ) 

1-lCS 

361 

36 ) 

51 

5) 

71 

71 

y»i2C 

171 

17) 

281 

281 

51 

S) 

X«I3S 

221 

22 ) 

271 

27) 

) 1 

1 ) 

X«ISO 

1 1 1 

1 1 1 

391 

39) 


- 

. X-16S 

61 

6) 

31 

3) 

1 1 

1 ) 

. 1-160 


- 


- 


- 

I-195 

51 

5) 

I 1 

1 1 

1 1 

1 ) 

• I-2I0 

371 

37) 

131 

13) 


• 

I-PiS 

391 

391 

111 

1 1 ) 


- 

X-210 

61 

6) 

111 

11) 


- 

• I-25S 

1 1 

1 ) 

71 

7 ) 

31 

3) 

X-270 


- 


- 


- 

X-26S 

71 

71 


- 

51 

5) 

X-300 

151 

15) 

251 

2!») 

101 

10 ) 

X-315 

IVI 

101 

391 

39 ) 

1 1 

1 ) 

X-330 

171 

17 1 

271 

27 ) 

61 

6 ) 

X-315 

151 

15) 

|9I 

19) 

131 

13) 

total 

3011 

301) 

181 1 

1B1 ) 

991 

99 ) 


hiXinUM LIKELlHOCf) estimates 

*< 5 6 7 


231 

231 



>••••« 





- 








- 




- 




- 




- 




- 




- 




- 




- 

21 

2) 

23| 

23) 




- 



2| 

2) 




- 




- 




• 




- 




- 




- 








- 

21 1 

21 1 

181 

|6) 




- 

101 

10) 

l9l 

19) 




- 

171 

1 7 ) 

261 

26) 




- 








- 








- 








- 





101 

39 , 

ai 

13) 





61 

12) 

01 

3) 





lOI 

31 1 


- 






- 


- 






- 


- 






- ■ 

3| 

3) 






“ 

S’l 

67) 

18l 

18 J 

631 

63) 

261 

87) 



8 


9 

totals 







50l 

Sul 

Rh0« 

-.521 





sot 

50) 

Rh0« 

-.759 





SOI 

SO) 

RHO- 

-.515 





501 

50) 

rho- 

.079 





SOI 

50) 

rhO- 

• 618 





501 

50) 

RHO- 

.707 





SOI 

SO) 

Rho- 

.550 





SOI 

SU) 

RhO- 

-.197 





SOI 

SO) 

Rho- 

-.537 





501 

SO, 

RHO- 

-.199 





501 

SUI 

RHO- 

-.161 

1 1 

1 ) 



SOI 

SO) 

RHO- 

-.310 

2) 1 

21 ) 



SOI 

SO) 

RhO- 

-.622 


- 



501 

SO) 

RhO- 

-.532 


- 



SOI 

50) 

RHO- 

• 028 


- 



501 

50) 

RHO- 

.281 


- 



SOI 

So 1 

RHO- 

.181 


- 



21 1 

50) 

RHO- 

• 816 

201 

20 ) 

51 

S) 

391 

SO) 

RHO- 

• 525 

1 1 

1 I 



231 

SO) 

RhO- 

• 06S 


- 



501 

50) 

RHO- 

-.157 


• 



501 

50) 

RhO- 

-.511 


“ 



SOI 

50) 

Rho- 

198 


“ 



SOI 

SO) 

rho- 

-.613 

131 

13 1 

51 

5)113311700) 
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TABLE 40 53.5 24 WS, 25 CELLS 


ti ciiis 



fPt K 

2-..C 

CLASS 


1 • 




>• c 


P 1 

>• IS 

39i 

39 1 

«• ?u 

h;i 

H7 1 

i» ‘S 

39 « 

39 1 

X • 60 

J« 

31 

I- 7S 

9 I 

9 1 

E» 9p 

1 i 

t 1 

»«ICS 

Hb i 

l«A 1 

X«I2U 

9 : 1 

M ) 

»«13S 
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Table 16 is the stmunary of Table 12, which has just been dis- 
cussed. It shows the various classes into which the 1200 Monte 
Carlo simulations fell as a function of aspect angle for the objec- 
tive criteria method and the corresponding number of times that the 
MLE method made an exactly correct choice. There are other statistics 
that can be garnered from these tables that will be discussed later. 

From Table 16, and those like it, many features of the two 
methods can be seen. For example, classes 4 through 9 occur near 
0°, 90°, 180° and 270°. The patterns for classes 4 through 7 are 
related to upwind downwind ratios for the backscatter values in 
the model function. For this example, 471 of the first choices for 
class 2 out of 496 were correct. If it was not correct the second 
was correct. There were therefore no "errors" in the class 2 
selections. In the objective method for classes 1, 4, 5 and 8 
there were 9 incorrect "tinique" choices out of a total of 238, or 
229 correct unique winds. 

These plus 471 correct first choices for class 2 would yield 
700 correct winds out of 1200. The second choice for class 2 would 
usually obviously be correct in a wind field so that there would 
be 725 correct winds. There would be 45 more two vector solutions, 
one of which would be correct and 418 four vector solutions. 

The MLE selects one vector wind only and it is either correct 
or incorrect. For this example 1137 selections were correct (95%). 
The MLE, if it were to work as well on actual data as it does in 
this simulation is clearly superior. There are differences be- 
tween actual data and these simulations, such as mesoscale turbulence 
effects, that may not make the choice between the two methods as 
obvious. 

Figure 10 summarizes the top part of Table 16 in graphical 
form. The cumulative sum of the various classes in terms of the 
number of solutions generated by the decisions of the method is 
graphed. 
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CLASS 3 FOUR SOLUTIONS . NO DECISION 
N = 418 



FIG. 10 THE NUMBER OF DIFFERENT CLASSES AS A FUNCTION OF ASPECT ANGLE FOR A 29 INCIDENCE ANGLE 
AND 12 M/S (1 CELL). 


Classes 1, 4, 5 and 8 are unique. The lowest line shows 
class 1, and the shaded black area shows the one incorrect class 1 
choice at 300°. Class 4 is next and a cluster of 7 incorrect 
class 4 choices is shown near 270°. The curve just above areas 
marked with I's, 4's, 5's and 8's represents the total out of 50 
unique choices, a few of which are wrong. 

The next band marks off the class 2 solutions with the black 
band marking the number of times the second choice would be correct. 

The next group of 9's and 6's show these cases where 2 solu- 
tions would be selected. Class 7 is for 3 solutions. Class 3 
is "don't know" with four possible solutions. 

If this pattern were to exist over a range of speeds, directions 
and incidence angles so that the objectively determined vectors could 
be plotted as a modified "chicken plot" as in the various SEASAT 
workshops, some portions of the field would be well defined near zero, 

90, 180 and 270° relative to beam 1. Near 120° and 300°, the fields 
would not be well defined but elementary meteorology around lows 
and highs could be used to complete the field. Further illustrations 
of this point will be given later. 

Table 13 illustrates an additional feature of class 2. At x = 0°> 
under 2B one finds 0(9,0). At x = 120°, one finds 2(12,2) and at 
X = 270°, one finds 3(3, -1). The 0° entry shows that all 9 first 
choices are correct. The 120° entry shows that 2 of 12 second 
choices were correct and that neither of the 2 choices was correct for 
two simulations. The 270° entry shows that for one pair of class 2 
choices both were within ± 45° and could be treated as correct. 

The closest of the two was used in the statistics. The bottom line 
with 33(248, 8) should be interpreted in terms of the total column 
to mean that there were 10 pairs, neither of which was correct, and 
2 pairs for which either solution could be considered to be correct. 

Of the 248 class 2 cases, the first choice was correct 207 times, the 
second was 31(33-2) times and neither was correct 10 times. 
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Properties of the Normalized Likelihood Results 

Each search of the V-x plane resulted in the location of 
the largest maximvun of the normalized likelihood function. This 
was selected as the "true" wind and was correct if the wind 
direction was within ± 45° of the input wind.* If the wind was 
correct, it was used in the table given above to compute the var- 
ious statistics. 

/V 0 

Also if the result was correct, the value of L'(V, 
was assigned to its speed and direction and tabulated in a two-way 
table. Multiple values in the same bin were averaged and their 
total tabulated. The result was 24 x 28 = 672 such scatter plots. 

A few examples will be discussed below. They can all be foimd in 
the Data Appendix. 

Each scatter plot covered the central speed and direction, 

±; 0.8 m/s and ± 10°. Correct values outside this range were simply 
not plotted. Typical examples were selected for discussion. 

The conditions for the tables which follow, are summarized below 

INC. 




SPEED 

ANGLE 

DIR. 



Table 

41 

12 m/s. 

29°, 

15°, 

1 

cell 

Table 

42 

12 m/s. 

29°, 

255°, 

1 

cell 

Table 

43 

24 m/s. 

29°, 

45°, 

1 

cell 

Table 

44 

24 m/s. 

29°, 

285°, 

1 

cell 

Table 

45 

8 m/s. 

39°, 

270°, 

1 

cell 

Table 

46 

4 m/s. 

47°, 

285°, 

1 

cell 

Table 

47 

4 m/s. 

39°, 

90°, 

5 

cells 

Table 

48 

4 m/s. 

53.5°, 

60°, 

5 

cells 

Table 

49 

4 m/s. 

53.5°, 

180°, 

5 

cells 

Table 

50 

4 m/s. 

53.5°, 

345°, 

5 

cells 

Table 

51 

4 m/s. 

53.5°, 

60°, 

25 

cells 

Table 

52 

4 m/s. 

53.5°, 

285°, 

25 

cells 


* o • . 

45 is simply a yes-no criterion. The actual error statistics are 

given in Table 12 as examples, in later analyses and in the appendix. 
^The incidence angle is for beam 1. 
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Table 41 is for 12 m/s, 15° direction, one cell and 29° 
incidence angle. The MLE winds scatter from 21.5° to 9.5° and 
from 11.5 m/s to 12.3 m/s. There were 49 out of 50 correct choices. 

There are 46 values in the table so that 3 are off the page. The 
normalized likelihood function varies from 0.01 (to two signifi- 
cant figures) to 0.98. The value of the function has no relation- 
ship to how close the point is to the correct wind. 

For this data, the average wind was 11.95 m/s, the average 
direction was 14.53° the standard deviation of the wind speed was 
0.2121 and the standard deviation of that direction was 4.30 de- 
grees. The correlation between the wind speed and the wind direction 
is -0.283. (Standard bivariate statistics have been used.) 

Table 42 shows a similar pattern except that there were only 
48 correct choices and the correlation between speed and direction 
is 0.5354. For each table, regression equations that predict either 
V from X or X from V can be derived. Over an area of the ocean, 
the Wind direction might be averaged for a number of cells, used to 
represent the entire area and to correct part of the error in wind 
speed. These regression equations will be tabulated later. 

Table 43 shows a large scatter in speed. The correlation 
coefficient is 0.3874. The stmdard deviation of the speed is 
0i536 m/s. 

Table 44 shows an even larger scatter in speed and direction 
for only 37 correct solutions. 

The remaining tables can be studied individually. Of interest 
is Table 46 with only 5 values out of 19 in the range of the 
variables. For 5 cell averages as in Table 47, the values cluster 
nicely. The correlation coefficient is 0.6994. 

At a 53.5° incidence, angle. (Table 48) a 5 cell average for 4 m/s_, 
does not reduce the scatter. The correlation coefficient is 0.8907. 

At 180°, 4 m/s for a 53.5 incidence angle for a 5 cell aver- 
age, only 5 points out of 19 are in range (Table 49). 

For a 25 cell average, 4 m/s at 53.5° and 60°, Table 51) 39 were 
correct and the correlation was 0.8524. Finally for 53.5°, 4 m/s, 

25 cells, and 285°, the scatter is as great as for 1 cell averages 
and higher winds for lower incidence angles. The correlation coef- 
ficient is 0.1103, (Table 52). 
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It was shown in a previous section that - 2 In U(V,x; 
would be approximately distributed as a Chi-squared variable 
with six degrees of freedom if it could be computed at the "true" 
wind speed and direction. The location of the maximum increases 
the value of the function so that the question arises as to how 
far the actual distribution departs from the Chi-squared probabilities. 

Figure 11 shows the cumulative densities for Chi-squared 
distributions for 3, 4, 5 and 6 degrees of freedom as smooth curves. 
The sample cumulative density for curve A was evaluated from tabu- 
lated values such as those in the preceeding figures for data with 
an incidence angle of 47^, a speed of 4 m/s and one cell averages 
Curve B is for 53^5°, 4 m/s and 5 cell averages. Curve A is fairly 
close to the curve for 3 degrees of freedom. Curve B is mostly be- 
tween the curves for 5 and 6 degrees of freedom. The coarseness 
of the step function for large Chi Square is because of the rounding 
to two significant figures in the data. The figure nevertheless 
explains most of the variability of the normalized likelihood function 
as slightly modified Chi-squared variables. 

Statistics of the Scatter Plots of the Wind Speeds and Directions 
Determined from the Maxima of the Normalized Likelihood Function. 

Each of the 672 scatter plots yielded the number correct 
and the five statistics* typically associated with such scatter plots. 
The five statistics in turn yield two regression equations. The 28 
tables that follow give these statistics .and the regression equations. 

Table 67 shows correlation coefficients at 0° and 180 of 

- 0.9164 and - 0.9209. Absolute values greater than 0.9 and 0.8 

are frequent, which means that 80% to 64% of the variability of 

either speed or direction, can be predicted from the other quantity 

if the true values are known. The results also imply rather large 

variations in direction compared to rather small fluctuations in 

speed about a correct value. 

* 

These are the means and standard deviations for speed and direction 
and the correlation between speed and direction errors as symbolized 
by V Bar, X Bar, SDV, SDX, and RHO. 
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TABLE 53 V = 4, 0 = 29, 1 CELL 

l CELL 


y-T 4.0 THETA= 29.0 CH1= «0 

N- 47 WBAR= 3.95 XBAR= .95 SD9- .1554 SDX 
V = 3.95 + -.0173< X - *95) 


5.9344 KM0= -.6613 
X = .95 -I- -'25. 2605 ( V - 


V= 4*0 THETA= 29.0 CHI= 15.0 

N= 48 VBAR= 3.98 XBAR= 14.17 SDV= .1342 SI.X 
Via 3.98+ -.OOIKX- 14.17) 


6.1537 RHU- -.0521 
X == 14.17 + -2.3B9K 0 - 


4.0 THETA= 29.0 CHI= 30.0 
N= 50 VBAR= 3.96 XBAR= 29.03 SBV= .122’ 
y a 3.96 + .0187( X - 29.03) 


3.3637 RHa== .5130 
X = 29.03 + 14.0308( 0 “ 


y= 4.0 THETA= 29.0 CHI= .45.0 

N> 35 VBAR= 3.97 XBAR= 43.83 SDO= .1976 SDX 
y a 3.97 + .0245( X - 43.83) 


3.5071 RHO= .4348 
X = 43.83 + 7.7152( V 


ya 4.0 THETA= 29.0 CHI= 60*0 

N= 38 OBAR= 4.06 XBAR= 60.14 SHO= *2277 SDX 
y a 4.06 + .0237( X - 60.14) 


3.2866 RHO= .3417 
X = 60.14 + 4.9307C V - 


y= 4,0 THETA= 29,0 CHI= 75.0 
N= 42 VBAR= 4.00 XBAR= 76*36 SDO= *2 
y a 4.00 + ,0101< X - 76.36) 


9.2937 RHO= .4431 
X = 76.36 + 19.3663< 0 - 


y= 4.0 THETA= 29.0 CHI= 90.0 

48 VBAR= 3.90 XBAR= 91.98 SBV= .I486 SBX 7.6322 RHO= .4162 

3.90 + .008K X - 91.98) X= 91.98 + 21.3807(0.- 


' y= 4.0 THETA= 29.0 CHI= 105.0 

N=50VBAR= 3.80XBAR= 98.02 SDV= . 1849 SBX 9.1127 RHO= .4884 

V = 3.80 + .0099( X - 98.02) X = 98.02 + 24.06 


V= 4.0 THETA= 29.0 CHl= 120.0 

N= 39 VBAR= 3.91 XBAR= 117.85 SBU= .1856 SBX 
y a 3.91 + .012K. X - 117.85) 


10.2852 RHO= .6706 
X = 117.85 + 37.1585( V 


ya 4.0 THETA= 29.0 CHI= 135.0 

37 VBAR= 3.87 XBAR= 135.31 SDV= .1209 SBX 
V a 3.87 + -.0032( X - 135.31) 


3.1993 RHO= -.0856 
X = 135.31 + -2.2652( V 


ya 4.0 THETA* 29.0 CHI= 150.0 
N» 36 OBAR= 3.91 XBAR= 151*83 SBO= . 4 -^ 
y a 3.91 + -.0210( X - 151.83) 


4.8978 RHO* -.4579 
X = 151.83 + -9.9864< V 


ya 4.0 THETA* 29.0 CHI* 165.0 

N* 44 VBAR* 4.04 XBAR* 167.82 SDV* .2336 SBX 
V a 4,04 + -.0138< X - 167.82) 


10.3029 RHO* -.6081 
X = 167.82 + -26.8143C V 


3.95) 


3,98) 


3.96) 


3.97) 


4,06) 


4.00) 


3.90) 


3.80) 


3.91) 


3.87) 


3.91) 


4.04) 
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TABLE 53 (CONT’d.) 


V=s ^.0 THETA= 29.0 CHI= 180.0 

N= A7 VKARn 3.91 X£iAR= 182.93 SDV== .1810 SDX 8.0999 RHO- -.4455 

V = 3.91 + -.0100( X - 182.93) X ^ 182.93 + “19.9349( V - 3.91) 

V= 4.0 THETA= 29.0 CHI= 195.0 

N= 48 VBAR= 4.06 XE«AR= 189.93 SDV= .2203 SDX 13.6269 RHO= -.5424 

V = 4.06 + -.0088( X - 189.93) X = 189.93 + -33.5495( V ~ 4.06) 

4.0 THETA= 29.0 CHI= 210.0 

N= 45 OBAR= 3.97 XBAR= 209.61 SDO= .1223 SDX 4.8847 RHO= .4056 

V = 3.97 + .0102( X - 209.61) X = 209.61 + 16.2049( V - 3.97) 

V= 4.0 THETA= 29.0 CHI= 225.0 

N= 40 VBAR= 3.95 XBAR= 225.02 SDV= .1717 SDX 5.7612 RHQ= .4182 

0 = 3.95 + .0125( X - 225.02) X = 225.02 + 14.0273( 0 - 3.95) 

0= 4.0 THETA= 29.0 CHI= 240.0 

37 VBAR= 4.01 XBAR--= 239.05 SDO= .1485 SDX 5.9073 RHO= .3738 

V = 4.01 + .0094( X - 239.05) X = 239.05 + 14.8722( 0 - 4.01) 

V= 4.0 THETA= 29.0 CHI= 255.0 

N= 35 OBAR= 4.05 XBAR= 258.69 SDO= .1991 SDX 11.6927 RHO= .5837 

0 = 4.05 + .0099< X - 258.69) X = 258.69 + 3^.2835< 0 - 4.05) 

V= 4.0 THETA= 29.0 CHI= 270.0 

N= 30 OBAR= 4.05 XDAR= 272.86 SDO“ .1788 SDX 9.4531 RHO= .6037 

V = 4.05 + .0114( X - 272.86) X = 272.86 + 31.9138( V - 4.05) 

V* 4.0 THETA= 29.0 CHI=^ 285.0 

N- 34 VBAR= 3.97 XBAR= 284.81 SDO--- .1501 SDX 10.6601 RHO= .5648- 

0 = 3.97 + .0030( X - 284.81) X =* 234.81 + 40.1058( 0 - 3.97) 

4.0 THETA= 29.0 CHX= 300.0 

N= 31 VBAR= 3. 98 XBAR= 295.98 SDO-- .1505 SDX 12.3837 RHO= .2466 

V - 3.98 + .0030( X - 295.98) X = 295.98 + 20.2919(. 0 - 3.98) 

0“ 4.0 TMETA= 29.0 CHI= 315.0 

N-^ 37 OBAR= 3.99 XDAK= 316.27 SDV= .1436 SDX 4.3202 RMO- -.4121 

V = 3.99 + -.0137( X - 316.27) X 316.27 \ '12.3955( V - 3.99) 

0- 4.0 THETA== 29.0 CHI- 330.0 

N- 44 OBAR- 4.07 XDAK- 329.05 SDO“ .2020 SDX 4.8670 KHO= -.5809 

V = 4.07 + -.0241 ( X* 329.05) X ~ 329.05 + - 13. 9952 ( 0 - 4.07) 

V* 4.0 THETA= 29.0 CMI= 345.0 

N- 47 VBAR= 3.90 XBAR= 346.82 SDO* .2104 SDX 5.6467 RHO- -.6340 

V « 3.90 + -.0236( X - 346.82) X * 346.82 + -17.016U U - 3.90) 
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TABLE 54 V = 4, 6 = 29, 5 CELLS 


5 CELL 

V= 4.0 THETA- 29.0 CHI= .0 

N= 50 VBAR= 4.00 XKAK=: 359.34 SDV= .0775 SDX 

V = 4.00 + -.0178< X - 359.34) 

4.0 THETA= 29.0 CHI= 15.0 
N= 50 VBAR= 3.99 XBAR== 14.46 SDV- .0566 SOX 

V = 3.99 + .0048( X - 14.46) 

V= 4.0 THETA= 29.0 CHI= 30.0 

N= 50 VBAR= 3.99 XBAR= 29.82 SDV= .0765 SOX 

V = 3.99 + .0284( X - 29.82) 

4.0 THETA= 29.0 CHI= 45.0 
N= 48 VBAR:» 4.01 XOAR= 44.71 SDV* .1092 SDX 

V = 4.01 + .0310< X ' 44.71) 

4.0 THETA= 29.0 CHI= 60.0 
47 VBAR= 4.02 XOAR= 59.98 SDV= .1036 SOX 1.5710 RHO=^ .2254 

V = 4.02 + .0149( X - 59.98) X = 59.93 + 3.418K 0 - 

V= 4.0 THETA= 29.0 CHI= 75.0 

N= 49 VBAR= 3.99 XBAR= 74.92 SDV= .0843 SOX 1.6610 RHO« .3099 

V = 3.99 + .0157( X - 74.92) X = 74.92 + 6.1064( 0 - 

Vs 4.0 THETAS 29.0 CHI= 90.0 

50 VBAR= 3.95 XBAR= 90.08 SOV= .0899 SOX 2.7919 RHOs .5671 

V = 3.95 + .0183< X - 90.08) X = 90,08 ^ 17.6054( V - 

V= 4.0 THETA= 29.0 CHI= 105.0 

N= 50 VBARs 3.93 XBAR= 103.11 SOV= .1051 SOX 4.7743 RHO= .6921 

V = 3.93 + .0152( X - 103.11) X = 103.11 1 31.4369( V - 

V= 4.0 THETA= 29.0 CHI= 120.0 

Ns 49 VBARs 3.96 XBAR= 119.84 SOV= .0633 SOX 2.2052 RHO= .2327 

V = 3.96 + .0067( X - 119.84) X = 119.84 + 8.103K V - 

V« 4.0 THETA= 29.0 CHJs 135.0 

N= 49 VBARs 3.96 XBAR= 134.96 SOV^ .0729 SOX 1.4846 RHO= -.3838 

V = 3.96 + -.0188( X - 134.96) X = 134.96 + -7.8210< V - 

4.0 THETAs 29.0 CHI= 150.0 

N= 50 VBAR=? 3.97 XBARs 150,44 SDVs .0886 SOX 2.3040 RHO^ -.6320 

V = 3.97 + -.0243( X - 150,44) X = 150.44 ♦ -16.4374< V - 


2.6705 RHCJs 
X s 359.34 + 

2.3385 RHOs 
X = 14.46 + 

1.5581 RHOs 
X = 29.82 + 

1.5507 RHO= 

X s 44.71 + 


-.6167 

-21.320K V - 
.1997 

8.2453( V - 
.5773 

11.7507( V - 
.4398 

6.2440< V - 


4.00) 


3.99) 


3.99) 


4.01) 


4.02) 


3.99) 


3.95) 


3.93) 


3.96) 


3.96) 


3.97) 
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TABLE 54 (CONT’DJ 


Va 4.0 THETA= 29.0 CHI« 165.0 

N= 50 VBAR= 4.00 XBAR= 165.65 SDVs .1421 SDX 4.4548 RHO= -.7496 

V = 4.00 + ~.0239( X - 165.65) X = 165.65 + -23.4959( V - 4.00) 

V= 4.0 THETA= 29.0 CHI= 180.0 

N= 50 OBAR=* 4.01 XBAR= 179.96 SHV= .1221 SDX 4.7077 RHO= -.6238 

V = 4.01 + -.0162( X - 179.96) X = 179.96 + -24.0553< V - 4.01) 

V= 4.0 THETA= 29.0 CHI= 195.0 

N= 50 VBAR= 3.97 XBAR=^ 194.14 SDV= .0602 SDX 5.0692 RHO= -.0656 

V = 3.97 + -.0008( X - 194.14) X = 194.14 + -5.5294< V - 3.97) 

4.0 THETA= 29.0 CH1= 210.0 

N= 50 ODAR= 3.99 XBAR= 209.55. SDV= .0664 SDX 2.2285 RHO= .3971 

V = 3.99 + .0118< X - 209.55) X = 209.55 + 13.3305( V - 3.99) 

0= 4.0 THETA= 29.0. CMI= 225.0 

N= 47 OBAR= 3.97 XBAR= 223.90 SDV= .1086 SDX 2.5793 RHO= .6025 

V = 3.97 + .0254< X - 223.90) X = 223.90 + 14.3114( V - 3.97) 

V= 4.0 THETA= 29.0 CHI= 240.0 

N= 47 OBAR= 4.04 XBAR= 240.17 SDV= .0955 SDX 1.8418 RHO= .3226 

0 = 4.04 + .0167< X - 240.17) X = 240.17 + 6.2212( V - 4.04) 

V= 4.0 THETA= 29.0 CHI= 255.0 

N= 47 OBAR= 3.99 XBAR=^ 255.44 SDO= .0881 SDX 2.8622 RHO= .2593 

0 = 3.99 + .0080( X - 255.44) X = 255.44 + 8.4243( 0 - 3.99) 

4.0 THETA- 29.0 GHI= 270.0 

N= 50 OBAR= 4.01 XDAR= 271.12 SDO= .0956 SDX 5.4632 RHO= .5920 

0 = 4.01 + .0104< X - 271.12) X = 271.12 + 33.8313( 0 - 4.01) 

4.0 THETA= 29.0 CHI= 285.0 

49 VBAR= 3.99 XBAR- 283.63 SDO^ .0814 SDX 5.3031 RHO= .5185 

0 = 3.99 + .0080< X - 283.63) X = 283.63 + 33. 7592 ( 0 - 3.99) 

4.0 THETA= 29.0 CMI^ 300.0 

N= 41 ODAK= 3.98 XBAR= 299.68 SDO= .1057 SDX 2.2483 RHO= -.3148 

0 = 3.98 + -.0148( X - 299.68) X 299.68 + -6.6963< V - 3.98) 

0= 4.0 THErA=^ 29.0 CMI= 315.0 

N= 44 MhAK^ 3.99 XDAR= 315.24 SDO- .1104 SDX 2.3723 RHO^ -.7375 

0 ^ 3.99 + -.0343( X - 315.24) X == 315.24 + -15.8437< 0 - 3.99) 

0 4.0 THLTA= 29.0 CMl*- 330.0 

N= 49 4.03 XBAK= 329.3/ SDO" .097/ SDX 2.0560 KHO= -.6330 

0 ^ 4.03 ■» -.0301 < X - 329.37) X 329.37 4 -13.3176( 0 - 4.03) 

4.0 THErA= 29.0 CMI= 345.0 

50 VBAR= 3.95 XBAR^= 346.59 SDO= .1252 SDX 3.4538 RHO= -.8083 

O = 3.95 f -.0293^ X - 346.59) X = 346,59 + -22. 2887 < V - 3.95) 
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TABLE 55 V = 8, V = 8; 0 = 29, 1 CELL 

1 CELL 

V= 8,0 THETA= 29.0 CHI= .0 

N= 50 0£«AK= 7.91 XBAR= 1.69 SU0--= .1931 SDX 4.9728 RHU-- 

V 7.91 + -.0190< X - 1.69) X ^ 1.69 f 

• V= 8.0 THETA= 29.0 CHI= 15.0 
N= 50 VBAR= 7.99 XBAR= 14.47 .1074 St*X. 3.2425 RHO^= 

. 0 =* 7.99 + .0004( X - 14.47) X = 14.47 + 

8.0 THETA= 29.0 CHI= 30.0 

N= 50 VBAR= 7.93 XBAR= 29.66 SBO= .1601 SDX 2.8696 RHO= 

^ “ 7.93 + .0233( X - 29.66) X = 29.66 + 

8.0 THETA= 29.0 CHI= 45.0 

N= 41 VBAR- 7.99 XBAR= 44.96 .2835 SUX 2.1848 RHO = 

V = 7.99 + .0607( X - 44.96) X = 44.96 + 

V= 8.0 THETA= 29.0 CHI= 60.0 

N= 47 OBAR= 8.01 XBAR= 60.09 SDO= .2083 SDX 2.3414 RHO- 

V = 8.01 + .0217< X - 60.09) X = 60.09 + 

0= 8.0 THETA= 29.0 CHI= 75.0 

N= 47 OBAR= 7.91 XBAR= 75.53 SDO= .2748 SDX 4.2054 RHO=s 

V = 7.91 + .0172( X - 75.53) X = 75.53 + 

V* 8.0 THETA= 29.0 CHI= 90.0 

N= 49 VBAR= 7.89 XBAR= 90,90 SDO= .2499 SDX 6.2082 RHO== 

V = 7.89 + .0156( X - 90.90) X = 90.90 + 

8.0 THETA= 29.0 CHI= 105.0 

N= 47 VBAR= 7.83 XBAR= 103.79 SDV=s .1672 SDX 5,0528 RHO=: 

V = 7.83 + .0105< X - 103.79) X = 103.79 + 

V= 8.0 THETA= 29.0 CHI= 120.0 

N= 47 VBAR= 7.85 XBAR= 119.53 SDO= .1832 SDX 2.8294 RHO= 

V “ 7.85 + .0119< X - 119.53) X = 119.53 + 

8.0 THETA= 29.0 CHI= 135.0 

N» 43 Vt<AR= 7.93 XBAR= 134.87 SDV= .1877 SDX 2.4044 RHO= 

V = 7.93 + .0072( X - 134.87) X = 134.87 + 

8.0 THETA= 29.0 CHI= 150.0 

N» 44 VBAR= 7.93 XBAR= 150.76 SDO= .1949 SDX 2.7379 RHO= 

V = 7.93 + -.0354( X - 150.76) X = 150.76 + 

V= 8.0 THETA= 29.0 CHI= 165.0 

Na 47 VBAR= 7.88 XBAR= 165.78 SDV= .2046 SDX 3.9248 RHO= - 

V - 7.88 + -.0196( X - 165.78) X » 165.78 + 


-.4882 
- 12. 5688 < V 


.0108 

.3258< V - 
.4170 

7.4746( 0 -* 


4600 

3.6058( V - 


2439 

2.7411 ( V - 


.2632 

4.0280C V - 
.3884 

9.6494< V “ 
.3180 

9.6089( V - 
.1838 

2.8390< V - 


0918 

1.1757< V - 


.4977 

-6.9898( V ' 


.3769 

-7.232K V - 


7.91) 


7.99) 


7.93) 


7.99) 


8 . 01 ) 


7.91) 


7.89) 


7.83) 


7.85) 


7.93) 


7.93) 


7.88) 
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TABLE 55 (CONT'D.) 


V* 0.0 THETA= 29.0 CHI= 180.0 
N= 47 VUAR= 8.00 XHAK= 180.29 St»V= 


.202‘j Snx 6.5778 RHO= -.4659 


V = 8.08 + -.0143( X - 180.29) 


X = 100.29 + -15.1344< V - 


0= 8.0 THETA= 29.0 CHI= 195.0 

N= 50 VBAR= 7.97 X8AR= 195.32 SDO= 


.1877 SDX 6.7620 RHO= -.1354 


7.97 + -.0038( X - 195.32) 


X = 195.32 + -4.8783( 0 - 


0= 8.0 THETA= 29.0 CHI= 210.0. 

46 OBAR= 8.01 XI«AR= 209.65 S00= .2139 SDX 3.2560 RHO== .1710 

0 = 8.01 + .0112< X - 209.65) X = 209.65 + 2.6026< 0 - 


V= 8.0 THETA= 29.0 CHI= 225.0 
N= 43 OBAR= 8.07 XBAR= 225.56 SDV= 


.2245 snx 2.8444 RHO= 


.421 = 


0 = 8.07 + 


.0333( X - 225.56) 


X = 225.56 + 5.3413( 0 


0= 8.0 THETA= 29.0 CHI=-- 240.0 

N- 45 VBAR= 8.02 XBAR= 240.71 SE«V= 


.1977 snx 3.0894 RHO=: .4020 


0 = 8.02 + .0257< X - 240.71) 


X = 240.71 + 6.2829( 0 


0= 8.0 THETA= 29.0 CHI= 255.0 

47 VBAR= 8.03 XBAR= 256.21 SBV= . .2151 SOX 6.1673 RHO= .5082 

V = 8.03 + .0177< X - 256.21) 


256.21 + 14.571K V 


0= 8.0 THETA« 29.0 CHI= 270.0 

N= 45 VDAR= 7.94 XBAR= 270.03 SnV= .2679 SDX 7.6335 RHO= .6210 
V = 7.94 + .0218< X - 270.03) 


X = 270.03 + 17. 6933 ( V - 


V= 8.0 THETA= 29.0 CHI= 285.0 
N= 46 VBAR- 7.99 XBAR^ 283.54 SDO= 


.2292 snx 7.6412 RHO= .5793 


0 = 7.99 + 


.0174( X - 283.54) 


X == 203.54 + 19.3125< V - 


0= 8.0 THETA= 29.0 C:HI= 300.0 

N= 42 VBAR= 7.95 XBAR= 290.96 SDV== 


.2519 snx 3.1622 RHO= 


.1474 


V = 7.95 + 


.0117< X - 298.96) 


X = 298.96 + 1 .8508 ( 0 


0.0 THCrA= 29.0 CH1== 315.0 
43 OBAR- 7.99 XBAR^ 315.14 SDV=-- 


.2247 snx 2.6739 RHO= -.4879 


0 = 7.99 f 


-.0410( X - 315.14) 


X 315.14 + -5.8050( V - 


0^ 8.0 IHEfA--. 29.0 CHI--- 330.0 

Nt- 4 3 OBARs 0.00 XBAR= 330.35 SDV-- 


2029 SDX 2.5891 RHQ- -.3588 


O.Oo » 


.0201 < X - 330.35) 


330.35 ♦ -4. 5 785 ( 0 - 


0- 8.0 THETA= 29 . 0 f:Ml= 345.0 

N= 48 OBAR= 7.94 XBAR= 347.06 SIiO = 


.2429 SDX 7.8555 RHO= 


.6239 


V ^ 7.94 + -.01 94( X - 347.06) 


X ^ 347.06 f -20.3343( 0 


- 172 - 


8.08) 


7.97) 


8 . 01 ) 


8.07) 


8 . 02 ) 


8.03) 


7.94) 


7.99) 


7.95) 


7.99) 


8 . 00 ) 


7.94) 



TABLE 56 V = 12, 0 = 29, 1 CELL 


l CELL 


12.0 THETA= 29.0 CHI= •<> 

N= 50 VBAK=. 11.98 XBAR= 359.52 SD0= .1805 SBX 

V = 11.98 + -.00V3( X - 359.52) 

12.0 THETA= 29.0 CH1= 15.0 
N= 49 VBAR= 11.95 XBAR= 19.53 SBV- .21=1 SBX 

V = 11.95 + -.0139( X - 14.53) 

V= 12.0 THETA= 29.0 CHI= 30.0 

N» 49 WBAR- 11.99 XBAR= 29.93 SB0= .2179 SBX 

V = 11.99 + .018K X - 29.93) 

12.0 THETA= 29.0 CH1= 45.0 
43 0BAR= 11.91 XBAR= 44.76 SDV= .3003 SBX 

0 = 11.91 + .01751 X - 44.76) 

V= 12.0 THETA= 29.0 CHI= 60.0 

N= 49 0BAR» 11.97 XBAR= 60.02 SBV= .2358 SBX 

\) = 11.97 + .02861 X - 60.02) 

U= 12.0 THETA= 29.0 CH1= 75.0 

N=490BAR= 11.93 XBAR= 76.28 SB0= .3127 SBX 

W= 11.93+ .02151 X - 76.28) 


5.2364 RHO-' -.2706 
X = 359.52 + -7. 8509 ( 0 - 

4.3064 RHO^ -.2832 
X = 14.53 + -5. 7507 ( 0 ~ 

2.2543 RHO^ .1876 
X = 29.93 + 1.9412< 9 - 

1.9120 RHO= .1113 
X = 44.76 + .7087< 0 ■ 

2.2406 RHO--^ .2716 
X = 60.02 + 2. 5803 ( V 

6.7257 RHO= .4622 
X = 76.28 + 9. 9407 < V 


12.0 THETA= 29.0 CHI= 90.0 
N= 50 VBAR= 11.77 X£iAR= 90.91 SDO 


V = 11.77 + 


.2628 SBX 4.8845 RHO= .3927 

Y - 90.91 + 7.2983( 0 

021K X - 90.91) X - 90.91 


0= 12.0 THETA= 29.0 CHI= 105.0 

N, 48 VBAR= U.87 XBAR= 104.42 SBO= .2559 SBX 6.5753 RHO= .0914 

11.87+ .00361 X - 104.42) X= 104.42+ 2.347910.- 

V« 12.0 THETA= 29.0 CHI= 120.0 

H=50VBAR= 11.81 XBAR= 120.05 SB0= .2050 SBX 2.3714 RHO= .0377 

Y— i'’0.05+ .4364(0' 

V - 11.91 + -00331 X - 120.05) X - UO.O. 

V. 12.0 THETA= 29.0 CHI= 135.0 

^ or.ii- oo-xA SIiX 2.0957 RHO- .0664 

46 VBAR= 11.92 XBAR= 13... 11 St - ..u.- ^ 

V = 11.92 + .00711 X - 135.11) X = 135.11 

V- 12.0 THETA= 29.0 CHI= 150.0 

.^riK -’.5221 RHO= -.2874 

N= 46 VBAR= 11.94 XBAR= 150.16 SBO= -2-1- SIX 

X = 150.16 + -2.89211 V 

V = 11.94 + -.02871 X - 150.16) 

- 1 « 


11.98) 


11.95) 


11.99) 


11.91) 


11.97) 


11.93) 


11.77) 


11.87) 


11.81) 


- 11.92) 


- 11.94) 



TABLE 56 (CONT'd.) 


V» 12.0 THETAa 29.0 CMI= 165.0 

N= 47 VBAR= 11.96 XBAR= 166.14 SDV= .2773 SDX 3.4731 RHO= -.4380 

V = 11.96 + -.0350( X - 166.14) X 166.14 + -5.4855< 0 - 11.96) 

V= 12.0 THETA= 29.0 CHI= IBO.O 

N= 48 OBAR= 12.11 XBAR= 179.18 SDO= .2760 SI'X 6.9976 RHO« -.3696 

V = 12.11 + -.0146( X - 179.18) X = 179.10 + -9.3685( 0 - 12.11) 

0= 12.0 THETA= 29.0 CHI= 195.0 

N= 50 VBAR= 12.00 XBAR= 195.52 SDO= .2159 SDX 4.8277 RHO= -.2059 

V = 12.00 + -.0092< X - 195.52) X = 195.52 + -4.603K V - 12.00) 

V= 12.0 THETA= 29.0 CHI= 210.0 

N= 48 VBAR= 11.96 XBAR= 210.74 SHV= .2370 SDX 2.1392 RHO= .0293 

V = 11.96 + .0032( X - 210.74) X = 210.74 + «2648< V - 11.96) 

12.0 THETA= 29.0 CHI= 225.0 

N= 49 VBAR= 11.93 XBAR= 225.04 SDV= .2882 SDX 2.4273 RHO= .1911 

V = 11.93 + .0227( X - 225.04) X = 225.04 + 1.6099< 0 - 11.93) 

V= 12.0 THETA= 29.0 CHI= 240.0 

N= 47 OBAR= 11.99 XBAR= 239.85 SDV= .2532 SDX 2.5422 RHO= .0305 

V = 11.99 + .0030< X - 239.85) X = 239.85 + .3059( V - 11.99) 

0= 12.0 THETA= 29.0 CHI= 255.0 

N= 48 VBAR= 12.05 XBAR= 255.29 Sbv= .2500 SDX 5.8385 RHO“ .5354 

V = 12.05 + .0229( X - 255.29) X = 255.29 +. 12.5026< V - 12.05) 

V= 12.0 THETA= 29.0 CHI= 270.0 

N= 48 yBAR= 11.89 XBAR= 272.04 SDO= .2991 SDX 7.3005 RHO= .3592 

V = 11.89 + ,D147( X - 272.04) X = 272.04 + 8.7676( 0 - 11.89) 

0= 12.0 THETA= 29,0 CHI= 285.0 

N= 47 VBAR= 12.01 XDAR= 283.00 SDO= .2140 SDX 5.7758 RHO= .0317 

V = 12.01 + .0012( X - 283.80) X = 283.80 + .8553( U - 12.01) 

12.0 THETA= 29.0 CHI= 300.0 

N= 42 ODAR= 11.98 XDAR= 299.95 SDO= .2708 SDX 2.6431 RHO= -.5098 

V = 11.98 + -.0522( X - 299.95) X = 299.95 + -4.9764( V - 11.98) 

12.0 THETA== 29.0 CHI= 315.0 

N- 36 VBAR= 12.01 XBAR= 315.00 5D0= .2743 SDX 1.8234 RHO= -.4498 

0 =: 12.01 f -.0677< X - 315.00) X 315.00 + - 2 . 9905 ( 0 - 12.01) 

0- 12.0 TMETA= 29.0 CHI= 330.0 

N- 49 OBAK« 12.12 XDAR= 329.80 SDO= .2848 SDX 2.6257 RHO- -.3822 

9 - 12.12 + -.0415( X - 32V. 80) X - 32V. 80 1 -3. 5233 < 0 - 12.12) 

0* 12.0 THETA=r 29.0 345.0 

N= 49 VBAR= 12.01 XBAR- 344.57 SDO^ .2333 SDX 3.52V4 RHO= -.3599 

0 » 12.01 ¥ -,0238( X - 344.57) X » 344.57 + -5.4458( 0 - 12.01) 
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table 57 V = 24, 9 = 29 


1 CELL 


1 CELL 


V= 24.0 THETA= 29.0 CHI= .0 

N= 49 0BAR= 23.90 XHAR= .92 SD0= .2577 SDX 
M = 23.90 + -.0205< X - .92) 


N= 


Vs; 

N= 


v= 

N= 


24.0 THETA= 29.0 CHI= 15.0 
.50 VBAR= 23.89 XBAR= 13.41 Snv= .3734 SDX 

V = 23.89 + -.033K X.- 13.41) 

24.0 THETA= 29.0 CHI= 30.0 
50 VBAR= 23.89 XDAR= 30.06 SDO- .3398 SDX 

0 = 23.89 + -.0133( X - 30.06) 

24.0 THETA= 29.0 CHI= 45.0 

48 VBAR= 24.10 XDAR= 44.19 SDO= .5359 SDX 

V = 24.10 + .096K X - 44.19) 

24.0 THETA* 29.0 CHI* 60.0 

49 OBAR* 24.00 XBAR= 59.72 SDV= .4178 SDX 

V = 24.00 + .0330< X - 59.72) 


5.5045 RHO= 

X = .92 + 


.4383 

-9. 3625 ( V 


6.6473 RHO= 

X = 13.41 + 


1.7224 RHO= 

X * 30.06 + 


2.1594 RHO= 

X = 44.19+ 


2.1431 RHO* 

X = 59.72 + 


* .5898 
-10.4995< V 


-.0676 

-.3429( V 


.3874 
1.561K V 


.1694 

.8689< V 


24.0 THETA* 29.0 CHI* 75.0 

N* 50 VBAR= 23.86 XBAR* 75.37 SDO= .5597 SDX 3.5705 RHO= .5329 

V = 23.86 + .0835( X - 75.37) X = 75.37 + 3.3993( 0 

0= 24.0 THETA* 29.0 CHI* 90.0 

N= 50 OBAR* 23.64 XBAR* 91.23 SDO* .2707 SDX 4.0166 RHO* 

0 * 23.64 + .0037< X - 91.23) X = 91.23 + 

V* 24.0 THETA* 29.0 CHI* 105.0 
N= 49 VBAR* 23.88 XBAR* 104.50 SDO* .4750 SDX 3.9631 RHO* -.0968 

0 = 23.88 + -.0116< X - 104.50) X = 104.50 + -.8078< V 


.0542 

.8044( 0 


V* 24,0 THETA* 29.0 CHI* 120.0 

N* 48 OBAR* 23.61 XBAR* 120.27 SDV* .3090 SDX 2.5189 RHO* -.1653 

V = 23.61 + -.0203( X - 120.27) X = 120.27 + -1.3472< M 

0* 24.0 THETA* 29.0 CHI* 135.0 

N* 45 OBAR* 23.91 XBAR* 135.06 SDV* .3506 SDX 1.7556 RHO* -.1517 

V “ 23.91 + -.0303< X - 135.06) X = 135,06 + -.7598( V 

V» 24.0 THETA* 29.0 CHI* 150.0 

N- 49 VBAR* 23.82 XBAR* 149.07 SDV* .3581 SDX 2.1829 RHO* -.0655 

V « 23.82 + -,0107< X - 149.87) X * 149.87 + -.3994< V 


- 23.90) 


- 23.89) 


- 23.89) 


- 24.10) 


- 24.00) 


- 23.86) 


“ 23.64) 


- 23.88) 


23.61) 


23.91) 


23.82) 


TABLE 57 (CONT'D.) 


V« 24,0 THETrt« 29,0 CHI= 165.0 

N* 50 VBAR« 23.92 XBAR= 165.98 SDV= .4291 SOX 7.2382 RHO® -.6508 

V = 23.92 + -.0386( X - 165.98) X * 165.98 + -10.9788< V - 23.92) 

V® 24.0 THETA® 29.0 CHI® 180.0 

N= 48 VBAR®. 24.12 XBAR® 180.84 SDk)® .4499 SDX 6.8590 RHO® -.1661 

V ® 24.12 + -,0109( X * 180.84) X = 180.84 + -2.5325( V - 24.12) 

V® 24.0 THETA® 29.0 CHI® 195.0 

N= 49 VBAR® 24.03 XBAR® 194.12 SUV® .3702 SDX 4.6192 RHO® -.1196 

g ® 24.03 + -.0096< X - 194.12) X ® 194.12 + -1.4925< V - 24.03) 

g® 24.0 THETA® 29.0 CHI® 210.0 

N= 45 gBAR® 23.93 XBAR® 210.03 SDO® .4408 SUX 2.4912 RHO® .0062 

g ® 23.93 + .OOIK X - 210.03) X ® 210.03 + .0353( g - 23.93). 

g= 24.0 THETA® 29.0 CHI® 225.0 

N= 49 gBAR® 23.92 XBAR® 225.16 SDg® .3343 SDX 1.5992 RHO® .2104 

g » 23.92 + .0440< X - 225.16) X ® 225.16 + 1.0067( g - 23.92) 

g= 24.0 THETA® 29.0 CHI® 240.0 

N® 49 gpAR® 24.03 XBAR® 240.34 SUg® .4388 SDX 1.6928 RHO® .0507 

g = 24.03 + .013K X - 240.34) X ® 240.34 + .1954< g - .24.03) 

g= 24,0 THETA® 29.0 CHI® 255.0 

N® 34 gBAR® 24.08 XBAR® 254.07 SDO® .4738 SDX 2.7542 RHO® .5798 

g = 24.08 + .0997< X - 254.07) X = 254.07 + 3.3705( g - 24.08) 

g® 24.0 THETA® 29.0 CHI® 270.0 

N® 37 gBAR® 23.97 XBAR® 270.95 SDg® .4446 SDX 5.4949 RHO® .2037 

g ® 23.97 + .0165( X - 270.95) X = 270.95 + 2.5174( g - 23.97) 

g= 24.0 THETA® 29.0 CHI® 285,0 

N® 37 gBAR® 23.99 XBAR® 285.30 SDV® .4535 SDX 4.0685 RHO® .1121 

g = 23,99 f .0125< X - 285.30) X ® 285.30 + 1.0057( g - 23.99) 

g® 24.0 THETA® 29.0 CHI® 300.0 

N= 46 VBAR® 24.07 XBAR® 299.75 SUg® .4527 SDX 2.6463 RHO® -.4634 

g ® 24.07 + -,0793< X - 299.75) X = 299.75 + -2.7084< g - 24.07) 

g® 24.0 THETA® 29.0 CHI® 315.0 

45 gBAR® 23.94 XBAR® 314.60 SHg= .4100 SDX 2.4 704 RHO® -.2984 

V ^ 23.94 f -.0495( X - 314.68) X ® 314.68 > -1.7977( g - 23.94) 

g® 24.0 THETA® 29.0 CHI® 330.0 

N® 48 gBAK-^ 24.08 XBAR® 330.34 SDO® .4070 SDX 2.3117 RHO® -.0 748 

g ® 24.08 »• -.0132( X 330,34) X ® 330.34 + -.4237( 0 - 24.08) 

g= 24.0 THETA® 29.0 CHI® 345.0 

N= 50 gPAR® 23.00 XBAR® 345.75 SDO® ,5491 SDX 5.9129 RHO® -.4793, 

g ® 23.88 + -.0445< X - 345.75) X ® 345.75 + -5.1609( g - 23,88) 
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TABLE 58 V = 4, 0 = 39, 1 CELL 


1 CELL 

4.0 THETA= 39.0 CHI= .0 

N« 50 VBAR= 3.97 XBAR= 1.11 SH0= .1778 

V = 3.97 + “.018K X - 1.11) 

Va 4.0 THETA= .39.0 CHI= 15.0 

N= 48 VBAR= 4.00 XBAR= 14.15 Sny= .1224 

V = 4.00 + -.0006( X - 14.15) , 

V= 4.0 THETA= 39.0 CHI= 30.0 

N= 47 0BAR= 3.95 XBAR= 28,53 SH0= .1165 

V = 3.95 + ,0171< X - 28.53) 

Vs 4.0 THETAs 39.0 CHI= 45.0 

N= 29 VBAR= 3.95 XBAR= 43.16 SDV= .1850 

V = 3.95 + .0249( X - 43.16) 

V= 4.0 THETAS 39,0 CHls 60.0 

Ns 23 VBARs 4.01 XBAR= 58,76 SDV= .2466 

V = 4.01 + .0478( X - 58.76) 

Vs 4.0 THETAS 39.0 CHI= 75.0 

Ns 39 VBARs 3.89 XBARs 73,81 SDV= .1947 

V = 3.89 + .0219< X - 73.81) 

Vs 4.0 THETAS 39.0 CHI= 90.0 

N= 50 VBARs 3,87 XBAR= 90.76 SBV= .1816 

V = 3.87 + .0156( X - 90.76) 

V* 4.0 THETAs 39.0 CHI= 105.0 

N= SO VBARs 3,79 XBARs 99.29 SDV* .2067 

V » 3.79 + .0122( X - 99.29) 

V= 4.0 THETAs 39.0 CH1= 120.0 

Ns 39 VBARs 3.79 XBAR= 109.86 SBV= .2757 

V s 3.79 + .0136< X - 109.86) 

Vs 4.0 THETAs 39. 0 CHI= 135.0 

N= 36 VBARs 3.84 XBAR= 135.50 SDV= ,1439 

V s 3.84 + -,0027< X - 135.50) 

V- 4.0 THETAs 39,0 CHI= 150.0 

N- 35 VBARs 3,89 XBARs 152.40 SUVs .2412 

V - 3.89 + -.0237( X - 152.40) 


SBX 7,1535 RH0= -.7279 

X s 1,11 + -:^y.2838< V - 3.97) 

SnX 6,3941 RH0= -.0325 

X s 14,15 + -1.6972< V - 4.00) 

SDX 3.9510 RHOs .5815 

X = 28.53 + 19.7256C V - 3,95) 

SDX 4,1504 RHO= .5577 

X s 43.16 + 12,5117< V - 3.95) 

I 

SDX 3.3586 RHO= .6509 

X = 58.76 + 8.8665< V - 4.01) 

SDX 4,1288 RHO= .4644 

X = 73.81 + 9.8458( V -. 3.89) 

SDX 6.4532 RHO= .5533 

X s 90.76 + 19.6598( V - 3.87) 

SDX 8.4310 RHOs .4988 

X s 99.29 + 20.3417( V - 3.79) 

SDX 16.1753 RHO= ,7975 

X = 109.86 + 46.7935( V - 3.79) 

SDX 4.3591 RHO= -.0818 

X = 135.50 + -2.4787( V - 3.84) 

SDX 5.9748 RHO* -.5877 

X » 152.40 + -14.5607< V - 3.89) 
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TABLE 58 (CONT’D.) 

Va 4.0 THETA® 39.0 CMI« 165.0 

N= 31 VBAR® 4.11 XBAR= 165.40 SDV= .3031 SDX 10.5131 RHO= -.8638 

V a 4.11 + “.0249( X - 165.40) X « 165.40 + -29.9666( V - 


4.0 THETA= 39.0 CHI= 180.0 

N= 38 VBARa 3.89 XBAR= 186.16 SDO= .2018 SDX 10.6539 RHO^ -.5495 

V =* 3.89 + -.0104( X - 186.16) X » 186.16 + -29.0106< V - 


0= 4.0 THETA* 39.0 CHI= 195.0 

N* 41 OBAR* 4.10 XBAR* 191.46 SDV= .1999 SDX 14.7362 RHO= -.5545 

V ® 4.10 + -.0075< X - 191.46) X = 191.46 + -40.8679( V - 


0= 4.0 THETA* 39.0 CHI* 210.0 

N* 45 OBAR* 3.98 XBAR* 208.31 SDV* .1247 SDX 9.2919 RHO* -.0351 

V * 3.98+ -.0005< X - 208.31) X = 208.31 + -2.6166C V - 


0= 4.0 THETA* 39.0 CHI* 225.0 

N= 34 OBAR* 3.96 XBAR* 223.75 SDO* .2075 SDX 
V a 3.96 + .0142( X - 223.75) 


9.2502 RHO* .6333 
X = 223.75 + 28, 2309 ( V - 


U* 4.0 THETA* 39.0 CHI* 240.0 

N* 32 OBAR* 3.99 XBAR* 238.39 SDV* .1798 SDX 
0 * 3.99 + - .0177< X - 238.39) 


7.2984 RHO* .7168 
X = 238.39 + 29.0889( 0 - 


0* 4.0 THETA* 39.0 CHI* 255.0 

N= 27 OBAR* 4.07 XBAR* 258.80 SDO* .2494 SDX 13.4077 RHO* .6586 

U * 4.07 + .0123( X - 258.80) X = 258.80 + 35.3970( V - 


V* 4.0 THETA* 39.0 CHI* 270.0 

N= 23 OBAR* 4.11 XBAR* 275.65 SDO* .2185 SDX 
V * 4,11 + .0112( X - 275.65) 


10.6246 RHO* .5463 
X * 275.65 + 26.5602( V - 


0= 4.0 THETA* 39.0 CHI* 285.0 

N= 29 OBAR* 3.98 XBAR* 286.16 SDO* .1454 SDX 9.8721 RHO* .1828 

0 * 3.98 + .0027( X - 286.16) X = 286.16 + 12.4134( V - 


0* 4.0 THETA* 39.0 CHI* 300.0 

N* 36 OBAR* 3.90 XBAR* 297.25 SDV* .2323 SDX 11.5916 RHO* 

0 = 3.98 + .0055( X - 297.25) X * 297.25 + 


.2750 


13.7226< V - 


V* 4.0 THETA* 39.0 CHI* 315.0 

N* 36 OBAR* 3.94 XBAR* 336.68 SDV* .2033 SDX 4.7952 RHO* -.6431 

V a 3.94 4 -.0273( X - 316.68) X * 316.68 + -15.1705< V - 


O* 4.0 THETA* 39.0 CHI* 330.0 

N‘- 44 UBAR* 4,11 XBAR* 328 . 35 SHO* .2735 SDX 5.0082 RHO* -.7566 

V* 4.11 4 -.0413(X- 328.35) X * 328.35 4 -13.8537( 0 - 


0* 4.0 THETA* 39.0 CHI* 345.0 

N* 46 OBAR* 3.88 XBAR* 347.82 SDO* .2664 SDX 7.4373 RHO* -.7549 

V = 3.88 4 -.0270< X - 347.02) X * 347.82 4 -21.0787< V - 


4.11) 


3.89) 


4.10) 


3.98) 


3.96) 


3.99) 


4.07) 


4.11) 


3.98) 


3.98) 


3.94) 


4.11) 


3.88) 
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TABLE 59 V = 4, 0 = 39, 5 CELLS 


5 CELL 


V= 

N» 


V= 

N=» 




4.0 THETA= 39.0 CHI= .0 

49 VPAR= 4.00 XBAR= 359.59 SL'V- .0756 SDX 

V = 4.00 + *-.0205< X - 359.59) 

4.0 THETA= 39.0 CHI= 15.0 

50 Vi»AR= 3.99 XBAR= 14.25 SD0= .0440 SDX 

V = 3.99 + .0011 ( X ^ 14.25) 

4.0 THETA= 39.0 CHI= 30.0 
50 VBAR= 3.99 XBAR= 29.76 SD0= ,0700 SDX 

M = 3.99 + ,0242( X - 29.76) 

4.0 THETA= 39.0 CHI= 45.0 
46 VBAR= 4.00 XBAR- 44.40 SDV“ .0999 SDX 

V == 4.00 + .0355( X - 44.40) 

4.0 THETA= 39.0 CHI= 60.0 
40 0BAR= 4.00 XBAR=» 59.69 SD0= .0908 SDX 

V = 4.00 + .0277< X - 59.69) 


2.9410 RHO’ -.7984 
X = 359.59 + -31.0513< V 


3.0826 RH8= .0737 
X = 14.25 + 5.1592< 0 


1,7896 RHQ= .6193 
X =■ 29.76 > 15.8277( 0 


1.6472 RHO^ .5853 
X = 44.40 + 9.6485( V 

1,4349 RHO== .4377 
X = 59.69 + 6.9171 ( 0 


0 = 

N= 




4.0 THETAs 39.0 CHI= 75.0 
46 VBAR= 3.98 XBAR=: 74,79 SDV= .0955 SDX 

V = 3.98 + ,0305( X - 74.79) 

4.0 THETA= 39,0 CHI= 90,0 
50 OBAR= 3.94 XBAR= 89.87 SDV= .1020 SDX 

V = 3.94 + .030K X - 89.87) 

4.0 THETA= 39.0 CHI= 105.0 
50 VBAR= 3.93 XBAR= 102.95 SDV- .1139 SDX 
0 = 3.93 + .0172( X - 102.95) 

4.0 THETA= 39.0 CHI= 120.0 
50 OBAR= 3,96 XBAR= 119.89 SDO= .0633 SDX 

V = 3.96 + ,0063( X - 119.89) 

4.0 THETA= 39,0 CHI= 135.0 
48 VBAR= 3.95 XBAR= 135.39 SDV= .0913 SDX 

V = 3.95 + -,0209( X - 135.39) 


V= 4.0 THETA= 39.0 CHI= 150.0 

50 VBAR= 3.95 XBAR= 150.88 SDO= .0899 SDX 
V = 3.95 + -,0237< X - 150.88) 

4.0 THETA= 39,0 CHI= 165.0 
48 VBAR=* 3.99 XBAR= 165.90 SDV= .1728 SDX 
- -- -.0255< X - 165.90) 

17Q - 


1.5798 RHO= .5053 
X = 74.79 + 8.359K 0 

2.3726 RHO= .6994 
X = 89.87 + 16.2697( V 


5.0124 RHO= .7559 
X = 102.95 + 33.2569( 0 

2.4155 RHO= .2398 
X = 119.89 + 9,1550( V 

1.7244 RHO= -.3950 
X = 135.39 + -7.4632( V 

2 . 2063 RHO= -.5819 
X = 150.88 + -14.2774( V 


5.7074 RHO^ -.8411 


4.00) 


3.99) 


3.99) 


4.00) 


4,00) 


3,98) 


3.94) 


3.93) 


3.96) 


3.95) 


3.95) 


V 


3.99 + 


X • 165.90 + -27.7879< V - 


3.99) 



TABLE 59 (CONT'D.) 


4,0 THETA- 39.0 CHI= IBO.O 
N= 47 VBAR= 4.01 XBAR= 181.14 SDV= .1499 SDX 

V o 4.01 + -.0157< X - 181.14) 

0= 4.0 THETA= 39.0 CHI= 195.0 

N= 49 VBAR* 3.99 XBAR= 194.07 SD0= .0763 SDX 

V » 3.99 + -.0042( X - 194.07) 

V= 4.0 THETA= 39.0 CHI= 210.0 

N= 50 0BAR= 3.98 XBAR= 208.86 SD0= .0713 SDX 
y = 3.98 + .0110( X - 208.86) 

V= 4,0 THETA= 39.0 CHI= 225.0 

N= 47 yBAR= 3.97 XDAR= 223.46 SDV= .1222 SDX 
y = . 3.97 + .0260< X - 223.46) 


y= 

N= 


y* 

N= 


y= 

N= 


y= 

Nrr. 


4.0 THETA= 39.0 CMI= 240.0 

40 yBAR= 4.04 XBAR= 240.39 SDy= .1259 SDX 

y = 4.04 + .0313( X - 240.39) 

.4.0 THETA= 39.0 CHI= 255.0 

41 yBAR= 4.01 XBAR= 255.41 SDy= .0993 SDX 

y = 4.01 + .0152( X - 255.41) 

4.0 THETA= 39.0 CHI= 270.0 
33 yBAR= 4.01 XBAR= 271.47 SDy= .1148 SDX 
y = 4.01 + .014K X - 271.47) 

4.0 THETA= 39.0 CHI= 285.0 

46 VBAR= ' 3.97 XBAR= 282.82 SDy= *1140 SDX 

V = i.V7 + ,0116( X - 282.82) 

4.0 THETA= 39.0 CH1= 300.0 
30 yBAf\= 3.97 XDAR= 300.40 SD0= .1215 SDX 
y = 3.97 + “.0167( X - 300.40) 

4.0 THETA= 39.0 CH1= 315.0 

47 yBAR' 3.99 XBAR== 315.36 SDO- .1505 SDX 

y = 3.99 + -.0484( X - 315.36) 

4.0 IHETA^- 39.0 CHI= 330.0 

48 yDAR-= 4.02 Xl«AR= 329.53 SDO- .1233 SDX 

y r.: 4.02) — » 0465 ( X “• 329 * j3 ) 

4.0 IMETA= 39.0 CHI- 345.0 
; 50 yBAR= 3.94 X[‘AR= 346.90 SI«y= .1411 SDX 
y = 3.94 f -.0343( X - 346.90) 


7.3846 RH0= -.7754 
X = 181.14 + -38.1844( y - 

6.4575 RH0= -.3547 
X * 194.07 + -30.0268< V - 

3.2503 RH0= .5031 
X = 208.86 + 22.9424( y - 

3.4122 RH0= .7264 
X = 223.46 + 20.2774( V - 

2.7366 RHQ= .6803 
X = 240.39 + 14.7887( 0 - 

3.2523 RH0= .4984 
X = 255.41 + 16.3306( y - 

5.0349 RH0= .6166 
X = 271.47 + 27.0329( 0 • 

5.7789 RH0= .5891 
X = 282.82 + 29.8708( 0 

2.7502 RHa= -.3778 
X = 300.40 + -8.5502( y 

2.5855 RH0= -.8318 
X - 315.36 + -14.2877< V 

2.1259 lvH0= -.8012 
X = 329.53 + -13.8095( O 

3.5925 RH0=^ -.8744 

X = 346.90 + -22.2636( 0 


180 - 


4.01) 


3.99) 


3.98) 


3.97) 


4.04) 


4.01) 


4.01) 


3.97) 


3.97) 


3.99) 


4.02) 


3.94) 



TABLE 60 V = 8, 0 = 39, 1 CELL 


l CELL 

v= 0.0 TH£TA= 39.0 CHI= .0 

N= 50 VBAR= 7.91 XDAR= 1.08 SIiO= .1851 SUX 5.2503 RHO^ -.5974 

y _ 7,91 + -.021K X - 1.88) X = 1.88 f -16.9443( O - 

0= 8.0 THETA= 39.0 CHI= 15.0 

N= 50 VBAR= 8*01 XBAR= 13.78 SI»V= .1121 SOX 3.7056 RHO= -.3891 

V « 8.01 + -.0118< X - 13.78) X = 13.78 f -12.8609( V - 

y= 8.0 THETA= 39.0 CHI= 30.0 

N= 48 OPAR= 7.94 XPAR= 29.69 SDV= .1186 SDX 

V = 7.94 + .0139< X - 29.69) 

V= 8.0 TH£TA= 39.0 CHI^ 45.0 

N= 41 OBAR= 7.98 XBAR= 44.87 SHV= .2575 SDX 

V = 7.98 + .0665( X - 44.87) 


2.1981. RHO= .4266 
X = 60.01 + 4.9968< V - 

3.1504 RHO= .5094 
X = 74.89 + 6.0300( V - 

3.5259 RHO= .4464 
X = 89.72 + 6.8684( V - 

4.6664 RHO= .1835 
X = 104.15 + 5.2987( V - 


0= 8.0 THETA= 39.0 CHI= 60.0 

N= 46 VBAR= 8.02 XBAR= 60.01 SDO“ .1876 SDX 

V = 8.02 + .0364( X - 60.01) 

V= 8.0 THETA= 39.0 CHI= 75.0 

N= 47 VBAR= 7.89 XBAR= 74,89 SHV= ,2661 SBX 

V = 7.89 + .0430( X - 74.89) 

V= 8.0 THETA= 39.0 CHI= 90.0 

N= 50 VBAR= 7.87 XBAR= 89.72 SDV^ .2291 SBX 

V = 7.87 + .0290( X - 89.72) 

V= 8.0 THETA= 39.0 CHI= 105.0 

N= 50 VBAR= 7.85 XBAR= 104.15 SBV= .1616 SBX 

V = 7.85 + .0064< X - 104.15) 


2.5650 RHO= .3009 
X = 29,69 + 6.508K 0 - 

2.1070 RHO= .5443 
X = 44.87 + 4.4538< V - 


0= 8.0 THETA= 39.0 CHI= 120.0 

47 VBAR= 7.87 XBAR= 119.60 SBV= .1692 SBX 3.1382 RHO= .0983 

V = 7*87 + .0053< X - 119.60) X = 119.60 1 1.8235( 0 - 

g= 8.0 THETA= 39.0 CHI= 135.0 

N= 47 VBAR= 7.93 XBAR= 135.01 SBV- .1705 SBX 2.1748 RHO= .0392 

y 3 7.93 + .003K X - 135.01) X = 135.01 + .5002( 0 - 


y- 8.0 THETA= 39.0 CHI= 150.0 

49 VBAR= 7.93 XPAR= 150.69 SBy= .1715 SBX 2.4723 RHO= -.5690 

y 3 7.93 + -.0395( X - 150.69) X = 150.69 + -8.2046( V - 

- 181 - 


7.91) 


8 . 01 ) 


7 . 94 ) 


7.98) 


8 . 02 ) 


7.89) 


7.87) 


7.85) 


7.87) 


7.93) 


7.93) 



TABLE 60 (CONT'D.) 


V. 0.0 THETA- 39.0 CHI= 165.0 


^ 17A1 SDX 3.3079 RH0» -.3916 

.9 O0AR- 7.09 X0AR- 16S.02 S0V-. .1761 ^ ^ 

V - 7.09 + -.O2O0( X - 165.02) ^ 

8.0 THETA- 39.0 CHI= 180.0 

V = 8.08 + -.016B( X - 179.86) 

3... C«. 

V = 7.96 + -.0090( X - 194. .ij) 

V= 0.0 THETA- 1953 SDX 3.6980 RH0= .1738 

N= 45 VBAR- 8.01 XDAR= 209.51 ' - • 3,.,900( V 


V = 8.01 + •0092( X - 209.51) 

, 8.0 THETA- 39.0 CHI- 225.0 

. 45 VBAR- 8.05 XBAR- 225.47 SDV- -2157 SDX 
y = 8.05 + .03471 X - 225.47) 

8.0 THETA- 39.0 CHI- 240.0 

p 0-3 XBAR- ■’40.65 SDV- .1935 SDX 
|P 40 VBAR- 8.02 XBAh- 

y = 8.02 + •0340( X - 240.65) 

y= 8.0 THETA- 39.0 CHI- 255.0 

^ -le-/ n'7 QTlUs *2300 SI*X 

N= 39 VBAR- 9.07 XBAR- 

y = 0.02 + -0224( X - 256.27) 

y- 8.0 THETA- .39.0 CHI- 270.0 

N= 40 VBAR- 7.96 XBAR- 270.56 SDV- .2^86 SDX 
y = 7.96 + .0268( X - 270.56) 


X » 209.51 + 3.29001 V 


3.2332 RHO- .5205 
X = 225.47 + 7.8041 < V 


3.3049 RHO- .5906 
X = 240.65 + 9.91^1< V 


6.4154 RHO- .6236 
X = 256.27 + 17.3906< V 


6.9793 RHO- .7239 
X = 270.56 + 19.5405< V 


8.0 THETA- 39.0 CHI- 285.0 
, 45 VBAR- 7.99 XBAR- 284.30 SDV- .1841 SDX 
y = 7.99 + .0153( X - 284.30) 

= 8.0 THETA- 39.0 CHI- 300.0 

= 41 VBAR- 7.98 XBAR- 299.22 SDV- .2178 SDX 
y = 7.98 + .0007( X - 299.22) 

= 8.0 THETA^ i9.0 CHI*'-= il‘o»0 

,= 47 VBAR- 8.01 XBAR- 314.90 SDV- .2078 SDX 
y = O.Ol > -.0504( X - 314.90) 

8.0 THETA- 39.0 CHI- 330.0 

.16V6 SI*X 

48 VI«AR- 8 *01 X8AK- J^9. 

^ . 8.01 -I -0:S23( X - .^29.99) 


6.1133 RHO= .5097 
X = 284.30 + 16. 9287 < V 


2.9058 RHO= .0088 
X ■“ 299.22 ■t' .1170( 0 


2.5747 RHO= -*.6250 
X = 314.90 + -7.7462( V 


2.1442 RHC)= -.4085 
X = 329.99 + -5.166K 0 


y= 8.0 IHETA- 39.0 CHI- 345.0 
H:. 49 VBAR- 7.94 XBAR- 346.7 7 5BV- 


2278 SDX 7.5620 RHO- -.666: 


^ ^ ^ .,-.U97( V 

y= 7.94 + -.020K X - 346.77)^ ^ 



TABLE 61 


V = 8 , 0 = 39, 1 CELL ± 0.7 DB 

l CELL WITH 7/10'S bB ERKOR 

V= 8.0 THtrA= 39.0 CHI--= .0 

50 VBAK= 7.81 XBAR= 3.15 SDV= ,3454 SI'X 8.2609 RMU^ -.4554 

V = 7.81 + -.0190< X - 3.15) X = 3.15 f -10.fJ920< 0 - 7.81) 

Va 8.0 THETA= 39.0 CHI= 15.0 

N= 44 VBAR- 8.01 XBAR- 11.05 SlfV 
0 a 8.01 + -.0167( X - 

V= 8.0 THETAa 39.0 CHI= 30.0 

Na 37 OBARa 7.89 XBAR= 28.82 SBV 

V = 7.89 + -.0023( X - 

Va 8.0 THETA= 39.0 CHI= 45.0 


N» 

30 

VBARa 

8.03 XBARa 45.12 SBV 

a .4777 

SBX 

3.6939 RHO 

a 

. 3529 





V a 

8.03 4 ,0456( X - 

45.12) 


X a 45.12 

4 

2, 7288 ( 

V - 

8.03) 

Oa 

8 

.0 THETA 

a 39.0 CHI= 60,0 








N= 

40 

VBAR a 

8.13 XBARa 60.65 SBV 

a .3387 

SBX 

4,4934 RHO 

= 

.5463 





V a 

8.13 4 ,0412( X - 

60.65) 


X a 60.65 

4 

7.2483C 

V - 

8.13) 

Oa 

8 

.0 THETA 

a 39.0 CHIa 75.0 








Na 

45 

VPARa 

7.82 XBARa 76.58 SBV 

a .5437 

SBX 

8.6929 RHO 

a 

♦ 4371 





V a 

7.82 4 ,0273( X - 

76,58) 


X a 76,58 

4 

6. 9882 ( 

V - 

7.82) 

V= 

8 

.0 THETA 

a 39.0 CHia 90.0 








N= 

48 

VBARa 

7.75 XBARa 90.28 SBV= 

a ,4218 

SBX 

7.7982 RHO: 

= 

,3740 





V a 

7.75 4 .0202( X - 

90.28) 


X = 90.28 

4 

6.9143< 

V - 

7.75) 


Va 8.0 THETA= 39.0 CH1= 105.0 

Ns 47 VBARa 7,72 XBARa 104.03 SBO= .2595 SDX 

V a 7,72 + -,0019< X - 104.03) 

Va 8.0 THETAa 39.0 CHI= 120.0 

Na 47 VBARa 7.76 XBARa 119.26 SIiV® .3003 SHX 

U a 7.76 + -.0032( X - 119.26) 

Va 8.0 THETAa 39.0 CHia 135.0 

N= 36 VBARa 7.91 XBAR= 134.96 SBOa ,2951 SDX 4.4961 RHQa .2034 

V a 7.91 + ,0134( X - 134.96) X = 134.96 + 3.0989C 0 

Va 8.0 THETAa 39.0 CHI= 150.0 

Na 42 MBARa. 7.90 XBAR= 151,48 SDO= .3024 SBX 4,5350 RHDa -.3419 

V a 7,90 + -.0228< X - 151.48) X = 151.48 + -5.128K V 

Va 8.0 THETAa 39.0 CHI= 165.0 

Na 35 VPARa 7.76 XBAR= 167,80 SDVa .3053 SBX 10.1047 RHQa -.2451 

0 a 7,76 f -.0074( X - 167.80) X = 167.80 4 -8.1ll5( 0 - 7.76) 

f 183 - 


7.91) 


7.90) 


7.4766 RHQa -.0535 
X a 104.03 4 -1,5421< 0 - 7,72) 

5.9841 RHOa -.0617 
X a 119.26 4 -1.2046< V - 7,76) 


= .2338 SBX 7.6067 RHQa -.5447 

11.05) X a 11.05 4 -17.7244( 0 - 8.01) 

,2287 SBX 5.2636 RHQa -.0532 
28.82) X a 28.82 4 -1.2243( 0 -- 7.89) 



TABLE 61 (CONT’a) 


8.0 THETA= 39,0 CHI= 180.0 
N= 32 VliAR= 8.08 X&AR:= 181.94 SDV= .3321 SOX 
V = 8.08 + -.0118( X - 181.94) 


11.0728 RHO= -.3951 
X = 181,94 f -13.1730( U 


V= 8.0 THETA=* 39.0 CHI= 195.0 

N= 35 VliAR= 7.96 XBAR= 193.81 SDV= .2553 SDX 
V = 7.96 + -.0093( X - 193.81) 


11.0404 RHO=» -.4033 
X = 193.81 + -17.4360< 0 


8.0 THETA= 39.0 CHI= 210.0 
N= 35 OBAR= 8.09 XBAR= 208.59 SDO= ,3872 SDX 
V » 6.09 + -.0077( X - 208.59) 


9.3142 RHO= -.1863 
X = 208.59 + -4.482K V 


V= 8.0 THETA= 39.0 CHI = 225.0 


N= 32 OBAR= 8.09 XDAR= 225.36 SDO= 


.3544 SDX 


8.09 + .0267( X - 225.36) 


6.2028 RHO= ,4674 
X = 225.36 + 8.180K 0 - 


V= 8.0 THETA= 39.0 CHI= 240.0 

32 OBAR= 8.03 XBAR= 242.05 SDO= .3167 SDX 4.5148 RHO= .1969 

V = 8.03 + .0138< X - 242.05) X = 242.05 + 2.S067( V - 

V- 8.0 THETA= 39.0 CHI= 255.0 

N= 32 OPAR= 8.05 XDAR= 257.95 SDV= .4153 SDX 11,0783 RHO= .5710 

9 = 8.05 + ,0214( X - 257.95) X 257.95 + 15.2315< 0 - 

V* 8.0 THETA= 39.0 CHI= 270.0 

N= 25 ODAR= 7.87 XDARs= 271 . 24 SDO= .4268 SDX 11.4755 RHO= .5381 

9 = 7.87 f ,0200( X 271.24) X - 271.24 + 14.4684< 9 - 


9= 8.0 THETA= 39.0 CHI= 285.0 

N= 32 9DAR= 7.94 XDAR= 283.69 SD9= .2657 SDX 9.0970 RHO= .4796 

9 = 7.94 + ,0140( X - 283.69) X = 283.69 + 16.4207( V - 


9= 8.0 THETA= 39.0 CHI= 300.0 

33 9BAR= 7.93 XDAR= 297,20 SDO= ,4269 SDX 9.3722 RHO= 

9 = 7.93 + .0007( X - 297.20) X = 297.20 + 


9= 8.0 THETA= 39,0 CMI= 315.0 

N-- 42 9DAR=r 7.96 XDAR- 315.51 SD9=r .3697 SDX 
9 = 7.96 + -,0445( X 315.51) 


4.8171 RHO= -.5799 
X = 315,51 + -7.557K 0 - 


9^ 0.0 MIEIA^ 3V.0 CHl;^ 330.0 


N - 30 OBAR- 8.02 XDARv 330.43 SI»0 


.3313 SDX 4.0554 RHO= -.0960 


9 - O.o:' ♦ -.007H( X - 330.43) 


X = 330,43 f ■ -1 . 1754( O - 


9-^ 8.0 1HLTA= 3V.0 CHI- 345.0 

45 OhAK'= 7.84 >DAR- 351.13 SDO- .4 

9 - 7.84 + -.0169< X - 351,13) 


14.1363 RHD- -.5495 
X = 351.13 + -17.9089(0 - 


- 184 - 


8.08) 


7.96) 


8.09) 


8.09) 


8.03) 


. > 


7.87) 


7.94) 


7.93) 


7.96) 


8 . 02 ) 


7,84 ) 



TABLE 62 V = 12, 0 39, 1 CELL 

l CELL 


12*0 THETA= 39.0 CH1= .0 

N- 50 0BAR= 11.98 XBAR= 359.67 SI»V= .1608 SUX 5.5078 KHl)= -.3974 

0 = 11.98 + -.0116( X - 359.67) X = 359.67 f -13.6154( 0 

V= 12.0 THETA= 39.0 CHI= 15.0 

N* 49 VBAR= 11.97 XBAR= 14.06 SDV= .2115 SDX 5.1069 RHOI -.5602 

V = 11.97 + “.0232( X 14.06) X = 14.06 + -13.932K Kf 

V= 12.0 THETA= 39.0 CHI= 30.0 

49 VBAR= 11.99 XBAR= 29.92 SIiV== .1765 SDX 1.9096 RHO= -.0327 

0 = 11.99 f -.0030< X - 29.92) X = 29.92 + -.3542( 9 

0= 12.0 THETA= 39.0 CH1= 45.0 

N= 45 ODAR= 11.94 XBAR -- 44.79 SDO= .2525 SDX 1.5899 RHO= .1151 

V = 11.94 .0183( X - 44.79) X = 44.79 + .7250( 0 

V= 12.0 THETA= 39.0 CHI= 60.0 

N= 50 VBAR= 11.97 XBAR= 59.93 SDV= .2155 SDX 1.9901 RHO* .4223 

V = 11.97 + .0457( X - 59.93) X = 59.93 +• 3.8992( V 

12.0 THETA= 39.0 CHI== 75.0 

N= 50 VBAR= 11.94 XBAR= 75.23 SDV= .2497 SDX 2.8866 RHO^ .4757 

V = 11.94 + .041K X - 75.23) X = 75.23 + 5.5008( 0 

12.0 THETA= 39.0 CHI= 90.0 

N= 48 VBAR= 11.82 XBAR= 90.77 SDV= .2131 SDX 3.0466 RHO= .3845 

V = 11.82 + .0269< X - 90.77) X = 90.77 + 5. 4962 ( 0 

12.0 THETA= 39.0 CHI= 105.0 

Ns 47 V8AR= 11.89 XBAR= 105.06 SDV= .2152 SDX 4.7263 RHO== -.2273 

V = 11.89 + -.0104< X - 105.06) X = 105.06 + -4.9919C V 

V= 12.0 THETA= 39.0 CHI= 120.0 

N- 50 VBAR= 11.86 XBAR= 120.07 SDV= .1711 SDX 2.4333 RHO= -.1370 

V = 11.86 + -.0096C X - 120.07) X == 120.07 + -1.9484< V 

12.0 THETA=» 39.0 CHI= 135.0 

N= 49 VBAR= 11.93 XBAR- 135.21 SDV= .1880 SDX 1.0045 RHO= .0716 

V = 11.93 + .0075< X - 135.21) X = 135.21 4 .6873< V 

12.0 THETA^ 39.0 CHI= 150.0 

N= 50 VBAR= 11.93 XBAR= 150.24 SDV= .1840 SDX 2.0628 RHO= -.1661 

V = 11.93 4 -.0148( X - 150.24) X = 150.24 4 -1.8615( V 


12.0 THETA= 39.0 CHI= 165.0 

N= 47 VBAR= 11.90 XBAR= 165.69 SDM= .2180 SDX 2.7300 RHO^ -.3910 

V » 11.98 4 -.031K X - 165.69) X = 165.69 4 -4.9099( V 


11.98) 


11.97) 


11.99) 


11.94) 


11.97) 


11.94) 


11.82) 


11.89) 


11 . 86 ) 


11.93) 


11.93) 


11.98) 


185 



TABLE 62 (CONT'D.) 


V= 12.0 THETA= 39.0 CHI= 180.0 

N= 46 VBAR=s 12.08 XBAR= 178.99 SnO= .2461 SDX 
0 = 12.08 + -.0143( X - 178.99) 


6.6739 RHO= -.3864 
X = 178.99 + -10.4765( V - 12 


12.0 THETA= 39.0 CHI= 195.0 
N= 49 VBAR= 11.99 XBAR= 195.55 SDV= .1833 SDX 
V = 11.99 + -.0116( X - 195.55) 


4.7520 RHO= -.3012 
X = 195.55 + -7.808K V - 11 


12.0 THETA= 39.0 CHI« 210.0 
N= 48 VBAR- 11.95 XBAR= 210.78 SBO= .1871 SBX 
V = 11.95 + -.0,056< X - 210.78) 


2.1608 RHO= -.0642 
X = 210.78 + -.7413< U - 11 


V= 12.0 THETA= 39.0 CHI= 225.0 

N= 50 OBAR= 11.96 XBAR= 225.03 .2434. SDX 

0 = 11.96 + .0269< X - 225,03) 


2.5333 RHO= .2797 
X = 225.03 + 2.9102( V - 11, 


12.0 THETA= 39.0 CHI= 240.0 
N= 47 MBAR= 11.99 XBAR= 239.84 SDO= .2066 SDX 
V = 11.99 + .0112< X - 239.84) 


2.4835 RHO= ,1341 
X = 239.84 + 1,6124( V - 11. 


V= 12.0 THETA= 39.0 CHI= 255.0 

47 VBAR= 12.04 XBAK= 254.84 SDO= .2017 SDX 
V = 12.04 f .0302( X “ 254.84) 


3.3938 RHO= .5083 
X = 254.04 + 8.5529( V - 12, 


0=^ 12.0 THETA= 39.0 CHI= 270.0 

N= 46 MBAR= 11.92 XBAR= 271.07 SDO« .2607 SDX 
0 = 11,92 + .0195( X - 271.07) 


5.8803 RHO= .4397 
X = 271.07 + 9.9175C V - 11, 


12.0 1HETA= 39.0 CHI= 285.0 
N- 49 VBAK= 12.01 XBAR= 283.99 SDO= .1730 SDX 
V = 12.01 i “.003K X - 283.99) 


4.1732 RHO= -.0743 
X 283.99 i -1.7917( 0 - 12. 


0^ 12.0 THETA^ 39.0 rHI= 300.0 

43 VBAR= 11.99 XDAR=-- 299,93 GDO= .2319 SDX 
V = 11.9*^+ - . 06 16 < X - 299 . 93 ) 


2.2849 RHO= -.6073 
X = 299.93 + -5.9834< 0 - 11. 


0= 12.0 THETA= 39.0 CHI^ 315,0 

48 OBAR= 12.01 XBAR^= 3 J 4.89 SDO^^ .2244 SDX 
0 12.01 + -.0610( X - 314.09) 


1,7078 RHO== -.4641 
X = 314.89 + -3.5315( 0 - 11 


Or: 12.0 1HI:TA= 39.0 CMt--= 330.0 

N 49 OBAR= 12.10 XPAR-- 3:’9.78 SDOr .1'313 SDX 

0 == 12.10 ♦ -.0362( X - 329.78) 


2.3U4 RHO:r -.3668 
X = 329.70 f *3.7133< 0 - 11 


0- 12.0 TMll/r- 39.0 CMI= 345.0 

49 VBAR= 11.99 345.1 1 SDO= 


.2049 SDX 5.4147 RHO- 


.4686 


V ^ 11.99 + -.0I77( X - 345,11) 


X = 345.11 + -12.381K 0 - ll. 


- 186 - 


, 08 ) 


• 99) 


.95) 


96) 


99) 


04) 


92) 


01 ) 


99) 


01 ) 


10 ) 


99) 



TABLE 63 


V = 12, 0 = 39, 1 CELL ± 0.7 DB 

1 CELL WITH 7/lO'S I'H ERROR 


0= 12.0 THETA= 39.0 CHI- *0 



47 VBAR- 11.87 XBAK- .24SBV- .3537 SBX 

10.074.S 

-.4674 


X ~ .24 f • 

-13. 3708 ( y 

V = 11.87 + -.0165< X - *24) 



0= 12.0 THETA= 39.0 CHI= 1^*0 



N= 46 VBAR- 11.97 XBAK- 10.33 SBO- .4753 SBX 

11.5402 rhu^ 

- • 556 7 

V = 11.97 + -.0229< X - 10.33) 

X = 10. .33 + 

~13.5186( y - 

V= 12.0 THETA- 39.0 CHI- 30.0 



N= 34 VBAR- 11.97 XBAR- 28.16 SBO- .4756 SBX 

7.0936 RHO= 

-.3748 

y = 11.97 i -.0251( X - 28.16) 

X = 28.16 + 

-5.5894< V - 

y- 12.0 THETA- 39.0 CHI- 45.0 



N= 38 VBAR- 11.85 XBAK- 44.32 SBV- .5990 SBX 

3.9760 KHO= 

- . 0773 

y = 11.85 + -.0117< X - 44.32) 

X 44.32 + 

-.5i33< y -* 


0= 12.0 THETA= 39.0 CHI= 60.0 

N= 40 VKAR- 12.00 XBAK- 60.21 SDV- .4853 SDX 
y = 12.00 + .059K X - 60.21) 

V= 12.0 THETA= 39.0 CHI= 75.0 

N, 44 VBAR= 11.87 XBAR= 76.59 SDO= .5906 SBX 

V = 11.87 + .0335< X - 76.59) 

V= 12.0 THETA= 39.0 CHI= 90.0 

N= 42 VBAR= 11.62 XBAR= 92.96 SDV= .4264 SBX 

y = 11.62 + .00521 X - 92.96) 

y= 12.0 THETA= 39.0 CHI= 105.0 

N= 44 VBAR= 11.67 XBAR= 104.67 SBV» .4738 SBX 
y = 11.67 + -.005K X - 104.67) 

V= 12.0 THETA= 39.0 CHI- 120.0 

N» 47 VBAR= 11.67 XBAR= 118.81 SBO= .«82 SBX 
y = 11.67 + .00731 X - 118.81) 

V« 12.0 THETA- 39.0 CHI= 135.0 

N, 38 OBAR- 11.92 XBAR= 135.50 SBV- .4338 SBX 
y = 11.92 + .00351 X “ 135.50) 

V= 12.0 THETA- 39.0 CHI- 150.0 
N= 36 OBAR- 11.91 XBAR- 150.26 SBO- .4088 SBX 
y = 11.91 + -.01071 X - 150.26) 


4.2307 RH8- 
X = 60.21 + 

8.0109 RHO= 

X = 76.59 + 

6.3382 RHO- 
X = 92.96 + 

10.3951 RHO= ‘ 
X = 104.67 + 

8.5444 FiHO = 

X - 118.81 + 

A * 5756 RHO^ 

X = 135.50 + 

5.1148 RHO= 

X 150.26 + 


.5152 
4.4916( V 


.4545 
6.1645< V 


.0779 
1.1575( V 

-.1117 
-2.4510( ^ 

.1421 
2.7697( 0 

.0365 

.3852( V 

-.1342 
-1.6786( y 


12.0 THETA= 39.0 CHI= 165.0 
H> 36 VBAR= 11.79 XBAR= 172.94 SI»V= 


.5334 SDX 


14.3720 RHO= 

X = 172.94 + 


-.5691 


1 1 . 87 ) 


11.97) 


11.97) 


11.85) 


12 . 00 ) 


11.87) 


11.62) 


- 11.67) 


- 11,67) 


- 11.92) 


- 11.91) 


V a 


11.79 + 


-.021K X - 172.94) 
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TABLE 63 (CONT’D.) 


V- 12.0 THETA= 39.0 CHI- 180.0 

H. 32 VBAR- 12.13 XBAK- 180.28 SOO- .4977 SOX 10.3S.9 8H0- 
V - 12.13 + -.0130< X - 180.28) X = 180.28 + 


V- 12.0 THETA- 39.0 CHI- 195.0 
N= 39 VBAR- 11.99 XBAR- 194. A3 SDV- 

V = 11.99 + -.0146( X - 194.63) 

V= 12.0 THETA- 39.0 CHI- 210.0 

N= 37 OBAR. 11.92 XBAR- 211.05 SDO- -4957 SOX 

V = 11.92 + -.0194( X - 211.05) 

V= 12.0 THETA- 39.0 CHI- 225.0 

N= 37 UBAR- 11.93 XBAR- 225.55 SBO- .5608 SDX 

V = . 11.93 + .0043( X - 225.55) 

12.0 THETA= 39.0 CHI= 240.0 
N= 36 12.06 XBAR= 239.78 SW- .4609 

0 = 12.06 + .0136( X - 239.78) 


.3950 SDX 11.1281 RHO= 

X = 194.63 + 

9.1290 RHO= 

X = 211*05 + 


5.0911 RHQ= 

X = 225.55 + 


-.2710 
-5.640K V 

-.4115 
-ll.5923< V 

-.3579 
-6.5919( V 

.0392 

.356K V 


- 12 . 


- 11 


11 


i: 


6.1877 RHO= 

X = 239.78 + 


V= 12.0 THETA= 39.0 CHI= 255.0 
N= 36 OEAR= 12.07 XDAR= 258.18 SDO= 


.4435 StiX 12.7303 RHO= 


V = 12.07 + .0190( X ' 258.18) 


X 258.18 + 


v= 12.0 THETA- 39.0 CHI- 2/0.0 

H. 28 OBAR- 11.81 XBAR- 271.21 SBO- .^561 SBX 11.3797 RHO- 
11.81* . 0143 . X - 271.21) X- 271.21* 


y=: 12.0 THETA= 39.0 CHI= 285.0 

37 VBAR- 12.01 XBAR- 232.97 SBV- -3740 SBX 
V = 12.01 + -.0056( X - 282.97) 


9.0176 RHO= 

X = 282.97 + 


V. 12.0 THETA= 39.0 CHI- 300.0 

H. 35 VBAR- 11.98 XBAR- 298.44 SBV- .5403 SBX 9.1560 RHO- 

11.98* -.0090( X - 298.44) X- 298.44* 

12.0 TIIETA= 39.0 CHI- 315.0 
„ „ „.V0 X,«. =■»> 

yj = 11.98 + -.0634( X - 315.47) ^ 


.1826 

2.4516( V - 
.5450 

15.6453( V - 
.2921 

5.9780< V - 

-.1352 
-3.2605< V - 

-.1532 
-2.597U V 

- .4793 
-3.6343( 8 


12.0 THETA- 39.0 CHI= 330.0 
yjz 12.0 THETA^^ 39.0 CH1=- 345.0 

,.37 VBAR- U .V4 XBAR. ,,7.:.0SBVx . .345 SBX 11.7624 RHO- 

u . 11.94 * '' - ^47.20) 


-.Ol22( X 


y 3* 347.20 + 


-.2788 

-2. 8649 ( 0 - 
- .3303 

-h.9422( V - 


- 188 - 


13) 


.99) 


• \ 

.92) 


.93) 


2.06) 


2.07) 


11.81) 


12 . 01 ) 


11.98) 


11.98) 


12.18) 


11.94) 



TABLE 64 


V = 24, 0 = 39, 1 CELL 

1 CEIL 

V- 24.0 THErA= 39.0 CHI= .0 

50 23.86 XE«AR= 1.41 5H0== .2089 SDX 6.54::;o RH0^= -.5093 

V = 23.86 + -.0163< X - 1.41) X = 1.41 + -15.9602( V - 23.86) 

Va 24.0 THETA= 39.0 CHI= 15.0 

Na 50 VBARa 23.93 XE«ARa 12.62 SDO^ .3565 SHX 8.0453 RHO = -.7356 

V = 23.93 + ~.0326( X - 12.62) X = 12.62 + -16.6030( 0 - 23.93) 

V* 24.0 THETAa 39.0 CHI= 30.0 

Na 50 OBARa 23.91 XBAR= 30.10 SDV= .2025 SBX 1.5812 RHO= -.3268 

V = 23.91 + -.0584( X - 30.10) X = 30.10 > -1.8289( V - 23.91) 

Va 24.0 TMETAa 39.0 CHI=. 43,0 

Na 50 OBARa 24.10 XBARa 44.32 580= .3988 SUX 2.1137 RHOa .3270 

.0 = 24.10 + .0617( X - 44,32) X a 44.32 + 1.7330( 0 - 24.10) 

Va 24.0 THETAa 39,0 CHI= 60.0 

Na 49 OBARa 24.00 XBAR= 59.68 SBO= .3500 SDX 2.1062 RHO" .3503 

0 a 24.00 + .0582< X - 59.68) X = 59.68 + 2.1080( V - 24.00) 

Va 24,0 THETAa 39.0 CHI= 75.0 

Na 50 VBARa 23.91 XBAR= 75,31 500= .4988 SDX 3.3925 RHQa .6912 

0 a 23.91 + .1016( X - 75.31) X = 75.31 + 4.7006( 0 - 23.91) 

0= 24.0 THETAa 39.0 CHI= 90.0 

N= 50 OBARa 23.73 XBARa 90,71 SDO= .2207 SDX 2.9584 RHOa ,1342 

= 23.73 + ,0100< X - 90.71) X = 90.71 + 1.7986( 0 - 23.73) 

Oa 24.0 THETAa 39.0 CHI= 105.0 

Na 49 OBARa 23.90 XBAR= 104,89 500= .3702 SDX 3.6048 RH8a -.2110 

0 a 23.90 + -,0217( X - 104.89) X = 104.89 I -2.0547< 0 - 23.90) 

Oa 24.0 THETAa 39,0 CM1= 120.0 

N= 50 OBARa 23.72 XBAR= 120.02 500= .2521 SDX 2.8984 RHiT^^ -.3671 

0 a 23.72 + -,0319(* X - 120.02) X = 120.02 + -4.2200< O - 23.72) 

Oa 24.0 THETAa 39 . 0 CHI= 135.0 

N» 50 OBARa 23.90 XBARa 135.09 SDO= .2951 SDX 1.8944 RHO= -.1742 

0 a 23.90 + -.027K X - 135.09) X = 135.09 » -1.1104< O - 23.90) 

V* 24,0 THETAa 39.0 CHI= 150.0 

N= 50 OBARa 23.86 XBAR= 149.87 5110= .2724 SDX 1.8780 RHO= .0362 

0 a 23.86 + .00521 X - 149.87) X a 149.87 + .24961 O - 23.86) 


T 
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TABLE 64 (CONT'D.) 


V» 24.0 THETAo 39.0 CHI= 165.0 

N= 50 VBAR= 23.93 XBAR= 166.08 Snv= .3190 SDX 7.2908 RH0= -.6102 

V = 23.93 + -.027K X - 166.08) X = 166.00 + -14.0946( V - 23.93) 

V= 24.0 THETA= 39.0 CHI= 180.0 

N= 50 0BAR= 24.06 XBAK= 180.96 SDV= .3488 GDX 6.6552 RH0= -.2680 


V = 24.06 + -.014K X - 180.96) 

24.0 THETA= 39.0 CHI= 195.0 
N= 50 VBAR= 24.03 XDAR= 193.96 SDV= .2838 

V = 24.03 + -.0210( X - 193.96) 

24.0 THETA= 39.0 CHI= 210.0 
N= 50 VBAR= 23.94 XBAR= 209.96 SB0= .3317 

V = 23.94 + -.OlOK X - 209.96) 

V= 24.0 THETA= 39.0 CHI= 225.0 

N= 50 0BAR= 23.94 XBAR= 225.21 SD0= .2547 

V = 23.94 + .0208( X - 225.21) 

V= 24.0 THETA= 39.0 CHI= 240.0 

N= 49 VBAR= 24.03 XBAR= 240.34 SDO= .3329 

V = 24.03 + .0080( X - 240.34) 

V= 24.0 THETA= 39.0 CHI= 255.0 

N* 30 VBAR= 24.00 XBAR» 253.78 SHO= .3536 

V = 24.00 + .0789< X - 253.78) 

24.0 THETA= 39.0 CHI= 270.0 
N= 36 VBAR= 23.96 X£»AK= 270.21 SDy= .3369 

V ' 23.96 + .0132< X - 270.21) 

0== 24.0 7HETA= 39.0 CHI= 285.0 

35 VBAR= 23.98 XBAK= 285.69 .3386 

V = 23.98 + .0104( X - 285.69) 

24.0 THI:TA= 39.0 CHI= 300.0 
N- 48 VBAFx- 24.04 XBAR= 299.83 SUV-- .3667 

V 24.04 4 -.0824( X - 299.83) 

V 

V^ 24.0 7HETA= 39.0 CMl= 315.0 

50 VHAK-^ 23.95 XhM<r 314.66 SDV= .3252 

V ^ 23.95 4 -.0500( X - 314.66) 


X = 180.96 + -5.1286( V - 24.06) 


SBX 4.5238 RHO= -.3351 

X = 193.96 4 -5.3424( V - 24.03) 


SDX 2.4207 RHO= -.0739 

X = 209.96 + -.5392( V - 23.94) 


SDX 1.5977 RHQ- .1304 

X = 225.21 4 .8179( V - 23.94) 


SDX 1.6835 RHO= .0403 

X = 240.34 4 .2036( V - 24.03) 


SDX 2.5171 RHO= .5616 

X = 253.78 4 3. 9974 < V - 24.00) 


SDX 4.2344 RHO= .1665 

X = 270.21 4 2.0925( V - 23.96) 


SDX 3.0270 K'HO= .0929 

X 285.69 4 .9309( V - 23.98) 


SDX 2.3338 RHO= -.5242 

X == 299.83 4 -3.3357< V - 24.04) 


SDX 2.3000 RHU- -.3537 

X ^ 314.66 4 -2.50?4( V - 23.95) 


V-^ 24.0 I HE I A- 39.0 C;HI=r 330 . 0 

49 VBAR- 24.06 XDAR-- 330.32 SDV= .3151 SDX 2.1153 RHO= .0104 

V 24.06 t .00I6< X - 330.32) X r 330.32 + .0698( V - 24.06) 


V= 24.0 lHE:rA= 39.0 CHI= 345.0 

50 VDAR- 23.90 XDAR--- 345.66 SDV--^ .4046 SDX . 5.8946 RHO= -.4410 

V = 23.90 4 • -.0303 ( X - 345.66) X = 345*66 4 -6.4250( V - 23.90) 
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TABLE 65 V = 4, 0 = 47, 1 CELL 


X CELL 


4.0 TH£TA= 47.0 CHI= .0 

/N/\ vEiAc*- 1 S'’ SIiO- #2695 SDX 
46 OBAR-s 4.00 XBAR- 

\j a 4.00 + -.0176< X - 1*52) 

ya 4#0 THETA= 47.0 CHI= 15.0 

N= 42 U»AR= 4.01 XBAR= 11.33 SDO= .1767 SDX 
y = 4.01 + -.0057( X - 11.33) 

ya 4.0 THETA= 47.0 CHI= 30.0 

N= 38 VBAR= 4.00 XBAR= 25.17 SDV- .1547 SOX 

y = 4.00 + .0008< X - 25.17) 

y= 4.0 THETA- 47.0 CMI= 45.0 

N= 14 VBAR= 4.04 XBAR= 45.00 SUV- .2638 SOX 

y = 4.04 + .0185( X - 45.00) 

ya 4.0 THETA= 47.0 CHI= 60.0 

N= 20 VBAR= 4.09 XBAR= 58.83 SD0= ' .3948 SDX 

V = 4.09 + .058K X - 58.83) 

V« 4.0 THETA= 47.0 CHI= 75.0 

N= 32 VbAR= 3.76 XBAR= 72.03 SDV= .2945 SDX 

V = 3,76 + .0293( X - 72.03) 


Vs 4.0 T,HETA= 47.0 CHI- 90.0 

N= 48 VBAR= 3.83 XBAR= 93.34 SDO- .3037 SDX 

V = 3.83 + .0169( X - 93.34) 

V= 4.0 THETA= 47.0 CHI= 105.0 

50 VBAR= 3.70 XBAR= 98.87 SDV= .3352 SDX 

V = 3.70 + .0122( X - 98.87) 


10.7990 RHO= -.7048 
X = 1.52 + -28. 2474 ( 0 ' 

8.4689 RHO= -’.2721 
X = 11.33 + -13.0379( 0 - 

11.6908 RHO” .0628 
X = 25.17 + 4.745K 0 - 

6.3133 RHO^ .4417 
X - 45.00 + 10.5717( V - 

5.5414 RHO== .81S0 
X = 58.83 + 11.4384( 0 - 

5.9843 RHO= .5956 
X = 72.03 + 12.1036( 0 ■ 

10.8408 RHO=^ .6050 
X = 93.34 + 21.5960< V 

9.6731 RHO- .3529 
X = 98.87 + 10.1 838 ( V 


4 . 00 ) 


4.01) 


4.00) 


4.04) 


4.09) 


V- 4.0 THETA= 47.0 CHI= 120.0 

N> 38 VBAR= 3.65 XBAR= 105.74 SDV= .3697 SDX 

V = 3.65 + .0126< X - 105.74) 

V= 4.0 THETA= 47.0 CHI= 135.0 

N= 25 VBAR= 3.68 XBAR= 135.32 SDV= .2550 SDX 

V = 3.68 + .0018( X - 135.32) 

V= 4.0 THETA= 47.0 CHI= 150.0 

N- 23 VBAR= 3.94 XDAR= 153.24 SDV= .3987 SDX 

V =. 3.94 + -.0239< X - 153.24) 


17.1755 RHO- .5840 
X = 105.74 + 27.1280( 0 

13.6198 RHO== .0967 
X = 135.32 ^ 5.1629< V 

11.6973 RHO= -.7018 
X = 153.24 + -20.589B< V 


3.76) 


3.83) 


3.70) 


3.65) 


3.68) 


3.94) 
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TABLE 65 (CONT’D.) 


4.0 THETA* 47.0 CHI= 165.0 

N= 20 VBAR= 4.29 XBAR* 159.70 SDV= . .3640 SDX 10.0380 RHO* -.8277 

0 * 4,29 + -.0300( X - 159.70) X * 159.70 + -22.8264( V - 4.29) 

V* 4.0 THETA* 47.0 CHI* 180.0 

N= 19 VBAR* 3.93 XBAR* 191.26 SBO* .2792 SDX 18.0762 RHO* -.6649 

0 * 3.93 + -.0103< X - 191.26) X = 191.26 + -43,0482( 0 - 3,93) 

0* 4.0 THETA* 47.0 CHI* 195.0 

N* 30 OBAR* . 4.19 XBAR* 190.17 SBV* .2620 SDX 21.5467 RHO* -.4347 

V = 4.19 + -.0053( X - 190.17) X = 190.17 + -35.7572< V - 4,19) 

V* 4.0 THETA* 47.0 CHI* 210.0 

N* 28 OBAR* 4.09 XBAR* 207.61 SBO* .1811 SDX 17.5807 RHO* .1741 

0 * 4.09 + .0018< X - 207.61) X = 207.61 + 16.8985( 0 - 4.09) 

0* 4.0 THETA* 47.0 CHI* 225.0 

N* 22 VBAR* 4.10 XBAR* 226.11 SDV* .2992 SDX 16.2732 RHO* .6550 

V = 4.10 + .0120< X - 226.11) X * 226.11 + 35.623K V - 4.10) 

V* 4.0 THETA* 47.0 CHI* 240.0 

N* 18 VBAR* 4.11 XBAR* 241.44 SDV* .4156 SDX 11.9966 RHO* .7756 

V = 4.11 + .0269( X - 241.44) X * 241.44 + 22.3854< V - 4.11) 

V* 4.0 THETA* 47.0 CHI* 255.0 

N* 20 VBAR* 4.07 XBAR* 257.97 SDV* .3551 SDX 14.2000 RHO* .5194 

V = 4.07 + .0130< X - 257.97) X * 257.97 + 20.771K V - 4.07) 

V* 4.0 THETA* 47.0 CHI* 270.0 

N* 22 VBAR* 3.87 XBAR* 271.25 SDV* .2753 SDX 17.1642 RHO* .1503 

V * 3.87 + .0024< X - 271.25) X = 271.25 + 9.3693( V - 3.87) 

V* 4.0 THETA* 47.0 CHI* 285.0 

N= 19 VBAR* 3.61 XBAR* 287.66 SDV* .5776 SDX 21.7783 RHO* -.0882 

V * 3.61 + -.0023< X - 287.66) X * 287.66 + -3.326K V - 3.61) 

4.0 THETA* 47.0 CHI* 300.0 

N= 28 VBAR* 3.93 XBAR* 296.71 SDV* .5167 SDX 16.7666 RHO* -.2487 

V * 3.91 + -.0077( X - 296.71) X * 296.71 + -8.0722( V - 3.91) 

V* 4.0 THETA* 47.0 CHI* 315.0 

N* 42 VBAh* 4.03 XBAR* 315.08 SDV* .3713 SDX . 8.5929 RHO* -.5959 

V * 4.03 + -.0257< X - 315.08) X = 315.08 + -13.7920( V - 4.03) 

V* 4.0 THEIA* 47.0 CHI^- 330.0 

N* 45 VBAR* 4.24 XBAFC^ 327,21 SMV* .5343 SDX 10.4429 RHO* -.8792 

V * 4.24 i -.0450( X - 327.21) X = 327,21 + -17.1848< V - 4,24) 

Vr 4.0 THETA* 47.0 CHI* 345.0 

N* 46 VBAR- 3,8V XBAR* 348.76 SDV* .4599 SDX 10.1103 RHO* -.8966 

V * 3.89 f -.040B< X - 340.76) X = 348.76 + 19.7127( V - 
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TABLE 66 V = 4, 6 = 47, 5 CELLS 


CELL 


4.0 THETA= 47.0 CHI- *0 

49 VBAR= 4.03 XBAR= 358.64 SUV= .1318 SDX 

V = 4.03 + -.0213( X - 358.64) 

V= 4.0 THETA= 47.0 CHI= 15.0 

N= .0 VBAR= 4.02 XBAR= 12.29 S»V= -0697 SDX 

V = 4.02 + -.0063< X - 12.29) 

V= 4.0 THETA= 47.0 CHI= 30.0 

N= 34 W0AR= 3.98 XI<AR= 29.29 Sl.W= .0098 SDX 

V = 3.98 . .0214( X - 29.29) 

0= 4.0 THETA= 47.0 CHI= 45.0 

N= 30 VDAR= 4.02 XDAR= 44.55 SIiV= .1400 SDX 

V = 4.02 + .0408( X - 44.55) 

V-s 4.0 THETA= 47.0 CHI= 40.0 

N= 23 VBAR= 3.99 XBAR= 59.33 SDV= .1349 SDX 

0 = 3.99 + .0532( X - 59.33) 

<j= 4.0 THETA= 47.0 CHI= 75.0 

N= 45 VBAR= 3.94 XBAR= 74.02 SD0= .1449 SDX 

0 = 3.94 + .0474< X - 74.02) 

4.0 THETA= 47.0 CH1= 90.0 
N= 50 VBAR= 3.89 XBAR= 89.33 SDV)= .1433 SDX 

V = 3.89 + .0512( X - 89.33) 

Vs 4,0 THETA= 47,0 CMI= 105.0 

N= 50 VBAR= 3.92 XBAR= 104,12 SH0= *1739 SDX 

V = 3,92 + ,0190( X - 104.12) 

V= 4.0 THETA= 47.0 CHI= 120.0 

N= 50 WBAR= 3.84 XDAR= 114.32 SD0= .2124 SDX 

V = 3.84 + .01331 X - 114.32) 

V= 4.0 THETA= 47.0 CHI= 135.0 

34 VBAR= 3.89 XDAR= 134.47 SDV= .1417 SDX 

V = 3.09 + -.01831 X - 134.47) 

V= 4.0 THETA= 47.0 CHI= 150.0 

N= 43 VBAR= 3.92 XBAR= 151.87 SDV= .1311 SDX 

V = 3.92 + -,0215( X - 151.87) 


5.3690 RHC)^ -.8679 
X - 358.64 + -35. 3533 < V - 

5,9903 RH0= -.5394 
X z= 12.29 + -46.344K V - 

3.3611 RHC)^ .8079 
X - 29.29 + 30.2523< M - 

2,6844 RH0= .7823 
X 44.55 + 14.9988( 9 - 

1,9427 RHO- .7660 
X = 59.33 + 11. 0340 < V “ 

2.3781 RHO- .6838 
X = 74.02 + 7 . 8638 < V " 

2.2443 RHO= .7040 
X = 89.33 + 9. 67 72 < M - 

6.3709 RHO- .6971 
X = 104.12 + 25.5462( V ■ 

13.2435 RHO= .8268 
X = 114.32 + 51 .55731 V 

3.3956 RHO= -.4378 
X = 136.47 + -10,4914< V 


3.8005 RHO= -.6392 
X = 151.87 + -18.9626< V 


4.03) 


4.02) 


3.90) 


4.02) 


3.99) 


3.94) 


3.89) 


3.92) 


3.86) 


3.89) 


3.92) 
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TABLE 66 (CONT'D.) 


v= 

N= 


4.0 THETA= 47.0 CHI= 1A5.0 
30 VBAR= 4.10 XBAR= 164.25 SDV= .2273 SOX 

V = 4.10 + -.014K X - 164.25) 

4.0 THETA= 47.0 CHI= 180.0 
34 VEcAR= 4.03 XBAR= 183.74 SDO= .2272 SDX 

V = 4.03 + -.OlOK X - 183.74) 

4.0 THETA= 47.0 CHI=^ 195.0 
25 VBAR- 4.04 Xt*AR= 193.46 SI'0“ .1292 SDX 

V = 4.04 + -.0063( X - 193.46) 

4.0 THETA= 47.0 CHI= 210.0 
: 30 VBAR= 4.01 XBAR= 205.52 SDV= .1076 SDX 

V = 4.01 + .0013( X - 205.52) 


4.0 THETA= 47.0 CHI= 225.0 
N“ 34 VBAR= 3.99 XBAR= 222.62 SDO= .1900 SDX 
0 = 3.99 + .0202( X - 222.62) 

0= 4.0 THETA= 47.0 CHI= 240.0 

N= 32 VBAR:= 4.06 XBAR= 241.05 SDO= .2150 SDX 
V « 4.06 + .0363( X ~ 241.05) 


11.3313 RHO== 

X = 164.25 + 

14.7142 RHO= 

X = 183.74 + 

11.3763 RHO= 

X = 193.46 + 

9.8155 RHO= 

X = 205.52 + 

7.2966 RHO= 

X = 222.62 + 

4.6664 RHO= 

X = 241.05 + 


-.7031 
-35. 0535 ( V 

-.6569 
-42.5517( V 

-.5553 
-48. 8764 < V 

.1183 

10.7949( V 


.7741 

29.7269( 0 


.7887 

17.1200( V 


4.0 THETA- 47.0 CHI= 255.0 
N= 24 VBAR= 4.02 XBAR= 256.52 SDV= .2126 SDX 
0 = 4.02 + .0227< X - 256.52) 

4.0 1HETA= 4/.0 CHI== 270.0 
N= 31 VBAR= 4.01 XBAR= 270.37 SDV- .2355 SDX 
0 = 4.01 + .0218( X - 270.37) 


6.6812 RHO= .7124 
X = 256.52 + 22.3858( V 

6.7768 RHO= .6283 
X = 270.37 + 18.0921 ( 0 


0 -- 


4.0 THHA= 47.0 CHI= 285.0 
32 OBAR= 3.99 X£‘AR= 284.31 SDO= .1756 SDX 

V = 3.99 4 .0098< X - 204.31) 

4.0 THETA^ 4 7.0 300.0 

30 VBAR^ 3.94 XBAFc^ 297.12 SDO= .2483 SDX 

V rr 3.94 4 .0047( X - 297.12) 


7.6801 RHO= .4285 
X = 284.31 4 1U.7349< 0 

11.2974 RHO== ,2118 
X - 297.12 4 9. 6357 < 0 


0- 4.0 nCFA- 47.0 CHI" 315.0 

N- 4 7 OBAR-s 3.95 XBAR- 316. 14 SDV= .2767 SDX 
V 3 . 95 1 . 0541. ( X - 316.14) 


4.5142 RHO~ -.8889 
X " 316.14 4 -14.5031 < 0 


4.0 IMLIA' 47.0 CMI^ 330.0 
44 VDAR- 4.07 XHOFx-- 329.01 2.00 .2153 SDX 

•j rr 4.0/ 4 -.054 7 < X - 329.01 > 


3.4503 RHO= -.8760 
X = 329.01 1 J4.0400( O 


On 4.0 IHEFA^ 47.0 CHI- 345.0 

N- VBAR= 3.96 XBAR- 34 7.04 SDV" .2356 SDX 
0 = 3.96 4 -.0355< X - 347.04) 
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5.9734 RHO= -.9006 
X = 347.04 4 -22.8324( 0 


4.10) 


4.03) 


4.04) 


4.01) 


3.99) 


4.06) 


4.02) 


4.01 ) 


3.99) 


3.94) 


3.95) 


4.07) 


3.96) 



TABLE 67 V = 4, 0 = 47, 25 CELLS 


2^. CELL 


V- 4,0 THETA- 47.0 CHI= .0 

N= SO VBAR- 3.98 Xl«AR= 1.09 SUV- .0737 SDX 3.20SV RMO= >.9164 

0 = 3.98 + -.0205( X - 1.09) X - 1.09 + >40.3728( V > 

0=. 4.0 THETA- 47.0 CHI- 15.0 

N= 50 VBAR- 4.01 XHAR- 13.89 SDV= .0382 SDX 2.8466 RHO- -.6866 

V = 4.01 + -.0092( X - 13.89) X - 13.89 i -51.1447( V 

0= 4.0 THETA- 47.0 CHI= 30.0 

N- 36 VBAR- 3.99 XBAR= 30.04 SUV= .0393 SUX 1.4161 RHO- .6321 

0 = 3.99 + .0176( X 30.04) X - 30.04 + 22.7672( V - 


V= 4.0 THETA- 47.0 CHI- 45.0 

N- 39 VBAR- 4.00 XPAR- 44.81 SHV= .0751 SUX 1.2332 RHU= .77^1 

0 = 4.00 + .0472< X > 44.81) X - 44.81 + 12.7242< V - 


V= 4.0 THETA- 47.0 CHI- 60.0 

N- 42 VBAR- 3.99 XBAR- 59.75 SBV- .0684 SDX 1.0016 RHO- .6957 

V == 3.99 + .0475( X - 59.75) X - 59.75 + 10.1918( V - 

0= 4.0 THETA- 47.0 CHI- 75.0 

N- 47 VBAR- 3.96 XBAR- 74.49 SBV- .0941 SUX 1.3310 RHO- .7437 

V - 3.96 + .0526< X - 74.49) X = 74.49 + 10.5184< V - 


V- 4.0 THETA- 47.0 CHI- 90.0 

N= 50 VBAR- 3.96 XBAR- 89.58 SBV- .0829 SBX 1.5311 RHO- .7137 

u =s 3.96 + .0386( X - 89.58) X = 89.58 + 13.1863( V 


0= 4.0 THETA- 47.0 CHI- 105.0 

N= 50 VBAR- 3.93 XBAR- 103.21 SBV- .0815 SBX 
0 = 3.93 + .0125< X - 103.21) 


3.8147 RHO- .5848 
X = 103.21 + 27.3647< V - 


4.0 THETA- 47.0 CHI- 120.0 
N= 50 VBAR- 3.95 XBAR- 120.03 SBV- .0608 SBX 
V = 3.95 + .0015( X * 120.03) 


1.9277 RHO- .0477 
X = 120.03 + 1.5116< V ~ 


Va 4.0 THETA- 47.0 CHI- 135.0 

N=> 45 WBAR= 3.98 XBAR= 130.42 SDW= .0629 SDX 1.2563 RHO= -.0075 

O = 3.98 + -.0004< X - 135.42) X = 135.42 + -.1496( V 

4.0 THETA- 47.0 CHI- 150.0 

N- 50 VBAR- 3.96 XBAR- 150.96 SBV- .0802 SBX 2.0223 RHO- -.8296 

V = 3.96 + -.0329( X - 150.96) X = 150.96 + -20.9064< V 

V= 4.0 THETA- 47.0 CHI- 165.0 

N- 49 VBAR- 3.92 XBAR- 167.43 SBV- .1016_SBX 3.8270 RHO- -.9041 

V = 3.92 + -.0240( X - 167.43) X - 167.43 + -34.0654< V 


3.98) 


4.01 ) 


3.99) 


4.00) 


3.99) 


3.96) 


3.96) 


3.93) 


3.95) 


3.98) 


3.96) 


3.92) 
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TABLE 67 (CONT'D.) 


V= 4.0 THETA= 47.0 CHI= 180.0 
N. 37 V8AR= 4.03 X8AR= 180.18 SDO= .12^6 SOX 6.9831 RHO= -.9209 

V = 4.03 ♦ -.0167< X - 180.18) 


X = 180.18 + -50.7934< V - 9.03) 


v= 4.0 THETA= 47.0 CHI= 195.0 

N= 32 OBAR= 4.02 X8AR= 195.45 SI.V= .0363 SOX 5.3202 RHO= -5454 
V = 4.02 + -.0037< X - 195.45) 


X = 195.45 + -79.8296< V - 4.02) 


4.0 THETA= 47.0 CHI= 210.0 
N= 36 VBAR= 4.01 X8AR= 209.78 SDO= .0631 SOX 4.0770 RHO= .3419 
V = 4*01 + *0053( X - 209*78) 


X = 209*78 + 22*1077< V - 4.01) 


4*0 THETA= 47.0 CHI= 225*0 
N= 39 VBAR*= 4.01 XBAR= 225.27 SDO= 


.1067 SDX 3.6134 RHO= .8529 


4*01 + .0252< X - 225.27) 


225.27 + 28.891B< 0 - 4*01) 


4*0 THETA= 47.0 CHI-- 240.0 
N= 39 08AR= 4.02 XBAR= 240.68 SI-0= .1042 SDX 

V a 4.02 + *0284< X - 240.68) 

4.0 THETA= .47*0 CHI= 255.0 
N- 37 OBAR= 4.03 XBAR= 255*54 SDO- .IO 64 . SIX 

V « 4.03 + .0363< X - 255.54) 

V- 4*0 THETA- 47*0 CHI- 270.0 

„= 44 Vt.AR= 3.97 XB.AR= 269.53 SDO= .1095 SDX 

V = 3.97 + .023K X - 269.53) 

4.0 THETA= 47.0 CH1= 285.0 
42 VDAR= 3.9/ XDAR= 283.73 SDV= .0859 SDX 

V = 3.97 + .0110( X - 283.73) 

4.0 1HETA- 47. 0 CHI= 300.0 

A ri '^99.94 sr«0- .0911 SDX 

36 ODAR- 4.01 XHAK- 

V = 4.01 + -.0116( X - 299.94) 

Vr ..0 IHEIA- 47.0 CHI" 315.0 

N.-- 50 VDAR- 4.00 ,XDAR= 314.98 Sl.V= .1140 SDX 

V = 4.00 i -.0489( X - 314.98) 

U-- 4.0 IHEIA- 4/.0 r.HI-- 330.0 

N= 50 VDAR= 4.00 XDAR- 330.10 GDV= .0883 SDX 

V = 4.00 + -.OSIOI X ■ 330.10* 

W= ..0 IHEIA= 47.0 CHI- 345.0 

N. 50 VKAK-- 3.94 XPAR^ 346.27 SDV- -1061 SDX 

\j ^ 3.94 + -.0409( X - 3 46.27) 


3.1624 RHO= .8604 
X = 240*60 + 26.104K V - 

2.4798 RHO= .8477 
X = 255*54 + 19.790B< 0 “ 

3.6872 RHO- .7796 
X - 269.53 + 26.2562< V - 

5.6307 RHO- .7212 
X - 283.73 + 47.2802< 0 - 

2.0425 RHO= -.2589 
X = 299.94 + -5. 8026 ( 0 “ 

1.9554 RHO" -.0301 
X - 314.98 + -14.3734( 0 ■ 

1.5124 RHO-- - .8736 
X = 330.10 4 - 14. 9604 ( O 

2.3433 RHU- -.9036 
X - 346.27 4 -19.94V4( 0 


4.02) 


4.03) 


3.97) 


3.97) 


4*01) 


4.00) 


4.00) 


3.94) 
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TABLE 68 V = 8, 0 = A7 , 1 CELL 

1 CELL 

8.0 THETA= -47,0 CHI= ,0 

N* 50 OBAK- 8.01 XIiAK= 359.76 SHO= .2111 SDX 

V = 8.01 4 -,0135< X - 359.76) 

Va 8,0 THETA= 47.0 CHI= 15.0 

Na 48 VBAR= 8.03 XE«AR= 11.23 SDO“ .2695 SDX 

g a 8.03 + -.0197( X - 11.23) 

g=» e.O THETAa 47.0 CHI^ 30.0 

N= 35 giiAR= 7.97 XBAR= 29.13 SDg= .1918 SBX 

V = 7.97 ► ,0093< X - 29.13) 

g= 8.0 THETA= 47.0 CHI= 45.0 

N= 37 OBARa 7.82 XBAR= 43.45 .2670 SDX 

V = 7.82 + .0213( X - 43.45) 

ga 8.0 THETA= 47.0 CHI^ 60.0 

N= 34 gBAR= 7.95 XBAR= 59.40 SDg= .2253 SDX 2.6060 RHO- .4698 

g = 7.95 + .0406( X - 59.40) X = 59.40 > 5.4349( g - 7.95) 

g= 8.0 THETA= 47.0 CHI= 75.0 

N= 42 gBARa 7.89 XBAR= 74.71 SDg= .3289 SDX 3.6680 RHO:= .6297 

g = 7.89 + .0565< X - 74.71) X = 74.71 + 7.0217( g - 7.89) 

ga 8.0 THETA= 47.0 CHI= 90.0 

N= 46 gBARa 7.76 XBAR= 90.15 SDg= .2983 SDX 4.1728 RHO^ .6769 

g = 7,76 + .0484< X - 90.15) X = 90.15 + 9.468K O - 7.76) 

g= 8.0 THETAa 47.0 CHI= 105.0 

N= 50 VBARa 7.78 XDAR= 104.07 SDg= .3005 SDX 8.9723 RHO= .3084 

g a 7.78 + .0103( X - 104,07) X a 104.07 f 9.2082( 0 - 7.78) 

g= 8.0 THETAa 47.0 CHI= 120.0 

N= 43 gBARa 7.01 XBARa 119.30 SDg= ,2073 SDX 

g = 7.81 + -.0005( X - 119.30) 

V*» 8.0 THETAa 47.0 CHI= 135.0 

N= 39 gBARa 7.90 XBAR= 135.69 SDg= .2259 SDX 3.1780 RHO= -.1795 

g a 7.90 + “.0128< X - 135.69) X = 135.69 + “2.5259( Kf - 7.90) 

g= 8.0 THETA= 47.0 CHI= 150.0 

N= 46 gBARa 7.90 XBAR= 150.80 SDg= .2327 SDX 3.5793 RHO= ->.5306 

g = 7.90 + -.0345( X - 150 . 80 ) X = 150.80 + -8.1620( 0 - 7.90) 

ga 8.0 THETAa 47,0 CHI= 165.0 

N* 37 gHARa 7.95 XBAR= 167.05 SDg= .2928 SDX 8.5905 RHOa -.7253 

g a 7.95 + -.0247< X - 167.05) X = 167.05 + -21.2795< O - 7.95) 


6.9368 RHDa -.0176 
X = 119.30 + -.5889( 0 - 7.81) 


8.2977 R’Hf)- -.5323 
X a 359.76 + -20. 9219 ( 0 - 8.01) 

9.7104 RHO- -.7086 
X a 11.23 + -25.5272< 0 - 8.03) 

3.2101 RHCla . 1562 
X a 29,13 + 2.615K 0 - 7.97) 

2.7773 RHOa ,2219 
X a 43.45 + 2.3085( 0 - 7.82) 



TABLE 68 (CONT*dJ 


8.0 THETAa 47.0 CHI= 180.0 

Ns 35 VPARs 8.12 XPARs 178.73 SDVs .3121 SDX 10.4043 RHQs -.4560 

0 = 8.12 + -.0137< X - 178.73) X = 178.73 + -15.2004( V - 8.12) 

V= 8.0 THETAs 47.0 CMI= 195.0 

N= 37 VBARs 8.05 XPARs 194.61 SnV= .1954 SOX 10.6969 RH0= -.5815 

0 s 8.05 + -.0106( X - 194.61) X = 194.61 + -31.8368< V - 8.05) 

Vs 8.0 THETAs 47,0 CHI= 210.0 

N= 35 VBARs 7.98 XBAR* 209.99 SDV= .2606 SOX 8.9289 RHO* -.3403 

V s 7.98 + -.0099< X - 209.99) X = 209.99 + -11.6608( V - 7.98) 

Vs 8.0 THETAs 47.0 CHI= 225.0 

N= 41 VBARs 7.95 XBARs 224.34 SOVs .3029 SDX 6.0565 RHQs .6036 

V = 7.95 + .0302( X - 224.34) X = 224.34 + 12.0683( V - 7.95) 

Vs 8.0 THETAs 47.0 CHI= 240.0 

N= 38 VBARs 7.99 XBAR= 239.42 S0V= .2728 SOX 5.2253 RHQs .5277 

V s 7.99 + .0275< X - 239.42) X = 239.42 + 10.1070( V - 7.99) 

V= 8.0 THETAs 47.0 CHI= 255.0 

Ns 31 VBARs 8.09 XBAR= 257.16 S0V= .4086 SDX 10.1962 RH0= .8198 

V = 8.09 + .0328( X - 257.16) X = 257.16 + 20.4576< V - 8.09) 

Vs 8.0 THETAs 47.0 CHI= 270.0 

Ns 27 VBARs 7.89 XBAR= 271.35 SDV= .4018 SOX 9.1074 RHQs .7042 

V = 7.89 + .031K X - 271.35) X = 271.35 + 15.9623( V - 7.89) 

V= 8.0 THETAs 47.0 CHI= 285.0 

N= 42 VBARs 7,94 XBARs 281.80 SOVs .2422 SOX 7.1912 RHOs .3490 

V = 7.94 + .0118( X - 281.80) X = 281.80 + 10.3620( V - 7.94) 

V= 8.0 THETAs 47.0 CHIs 3OO.O 

Ns 35 VBARs 7.93 XBAR- 300.04 SOVs .3324 SDX 5.9171 RHO= -.4901 

V s 7.93 + -.0275( X - 300.04) X s 300.04 + -8.7238( V - 7.93) 

Vs 8.0 THETAs 47.0 CHIs 315.0 

Ns 46 VBARs 7.98 XBARs 315.04 SOVs .3226 SOX 3.0632 RHQs -.6998 

V = 7.98 + -.0737( X - 315.04) X = 315.04 + -6.6454( V - 7.98) 

Vs 0.0 THETAs 47.0 CHIs 330.0 

Ns 48 VBARs 8.15 XBARs 329.02 SOVs .3354 SOX 3.9091 RHQs 7243 

V s 8.13 + -.0622( X - 329,02) X s 329.02 + -R.4418< V - 8.15) 


Vs 8,0 THETAs 47.0 CMI= 345.0 

N-- 45 VBARs 7.98 XBARs 346.09 SOVs .3328 SOX 10.3958 RHO= -.7266 

V s 7.98 +. •.0233< X - 346.89) X = 346.89 + -22.6972< V - 7.98) 
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TABLE 69 


V = 8, 0 = 47, 5 CELLS 


S CELL 


V=. 8.0 THETA= 47.0 CHI= .0 

N= 50 VBAR= 7.98 XBAR= .52 SDV= 
y = 7.98 + -.017K X - 

V= B.O THETA- 47.0 CHI= 15.0 

N= 50 VBAR= 7.98 XBAR= 14.46 SBV= 
y = 7.98 + -.0137( X - 


.1014 SnX 3.9585 RHO= -.6667 

.52) X == .52 f -26.0253( V 

.0849 SBX 3.3909 RHO= -.5482 

14.46) X = 14.46 T -21.8955( V 


y= 8.0 THETA= 47.0 CHI= 30.0 

N= 45 VBAR- -7.98 XBAR- 30.04 SnV= .0821 SDX 
y ^ 7.99 + .0019( X - 30.04) 


1.0792 RHO^ .0249. 

X = 30.04 + .3266( 0 - 


V= 0.0 THETA= 47.0 CHI= 45.0 

N= A6 VBAR= 8.00 XBAR= 44.35 5110= .1311 SDX 1.3017 RHO= .5563 

V = 8.00 + .0560< X - 44.35) X = 44.35 + 5.5250( V - 


ys 8.0 THETA= 47.0 CHI= 60.0 

N- 48 VBAR= 7.97 XBAR= 59.65 SDV= .1248 SDX 
V s 7.97 + .0415( X - 59.65) 


1.2247 RHO= .4070 
X - 59.65 + 3.9953< V - 


y= 8.0 THETA* 47.0 CHI= 75.0 
N= 48 VBAR* 7.94 XBAR= 74.65 SUV* 
V = 7.94 + .0795( X - 


.1655 SDX 
74.65) 


1.6801 RHO= .8072 
X = 74.65 + 8.193K V - 


V* 8.0 THETA* 47.0 CHI* 90.0 

N= 50 VBAR* 7.90 XBAR* 89.64 SDV* .0990 SDX 
y = 7.90 + .0414( X - 89.64) 


1.3309 RHO* .5565 
X * 89.64 + 7.4795( V - 


V* 8.0 THETA* 47.0 CHI* 105.0 
N= 50 VBAR* 7.96 XBAR* 104.63 
V = 7.96 + .0188( X 


SDV* .1413 SDX 
- 104.68) 


3.3206 RHO* .4422 
X = 104.68 + 10.4169( V - 


V* 8.0 THETA* 47.0 CHI* 120.0 

N= 50 VBAR= 7.90 XBAR= 120.22 SDV= .0894 SDX 2.1054 RI1CI= -.2131 

V = 7.90 + -.0090< X - 120.22) X = 120.22 + -5.0180< V 


V* B.O THETA* 47.0 CHI* 135.0 

N= 49 VBAR= 7.96 XDAR= 135.28 SDV= .0922 SDX 1.4365 RHO= -.3886 

y _ + -.0250< X - 135.28) X = 135.28 + -6.0530< V 


V* B.O THETA* 47.0 CHI* 150.0 
N= 50 VBAR* 7.94 XBAR* 150.43 
V * 7.94 + -.0162< X 


SDV* .0917 SDX 
- 150.43) 


1.4939 RHO* -.2640 
X * 150.43 + -4.3017( V 


7.98) 


7.98) 


7.78) 


8 . 00 ) 


7.97) 


7.94) 


7.90) 


7.96) 


7.90) 


7.96) 


7.94) 



TABLE 69 (CONT’D.) 


V» 8.0 THETA» 47.0 CHI* 165.0 

N» 50 VBAR- 7.99 XBAR- 165.05. SIiV* .1260 SDX 2.5426 RHO* -.7504 

V * 7.99 + -.0372( X - 165.05) X = 165.05 + -15.1474( V 

V* 0.0 THETA* 47.0 CHI* 180.0 

N* 48 VBAR* 8.04 XBAR* 100.28 SDO* .1790 SBX 6.8542 RHO* -.7324 

V * 8.04 + -.019K X - 180.28) X = 180.28 + -28.0392< V 

V* 8.0 THETA* 47.0 CHI* 195.0 

N* 46 MBAR* 8.04 XBAR* 193'*.72 SDV* .1186 SDX 5.1023 RHO* -.6271 

V * 0.04 + -.0146( X - 193.72) X * 193.72 + -26.9660( V 

V* 8.0 THETA* 47.0 CHI* 210.0 

N* 42 VBAR* 8.01 XBAR* 210.00 SDV* .1056 SDX 2.5501 RHO* .0711 

V * 8.01 + .0029< X - 210.00) X = 210.00 + 1.7167< V 

V* 8.0 THETA* 47.0 CHI* 225.0 

49 VBAR* 8.00 XBAR* 225.23 SDV* .0903 SDX 1.5606 RHO* .4567 

V * 8.00 + .0264< X - 225.23) X * 225.23 + 7.8925C V 

V* 0.0 THETA* 47.0 CHI* 240.0 

N* 48 VBAR* 8.02 XBAR* 240.41 SDV* .1195 SDX 1.5117 RHO* .3421 

V * 8.02 + .0270< X - 240.41) X * 240.41 + 4.3279( V 

V* 8.0 THETA* 47.0 CHI* 255.0 

I 47 VBAR* 0.01 XBAR* 254.81 SDV* .1593 SDX 2.5057 RHO* .7235 

V * 8.01 + .0460( X - 254.81) X = 254.81 + 11.3810( V 

V* 8.0 THETA* 47.0 CHI* 270.0 

N* 45 VBAR* 8.00 XBAR* 269.73 SDV* .1453 SDX 2.9691 RHO* .5558 

V * 8.00 + .0272( X - 269.73) X * 269.73 + 11.3560( V 

V* 0.0 THETA* 47.0 CHI* 285.0 

N= 46 VBAR* 7.99 XBAR* 284. 75 SDV* .1290 SDX 3.2534 RHO* .4294 

V = 7.99 + .0170( X - 284.75) X = 2B4.75 + 10.8326( V 

V* 8.0 THETA* 47.0 CHI* 300.0 

N* 47 VBAR* 8.01 XBAR* 300.00 E'.DV* . 1479 SDX 2.0875 RHO* -.7025 

V * 8.01 f -.0498( X - 300. (>0> X * 300.00 + -9.9134< V 

V* 8.0 THETA* 47.0 CHI* 315.0 

N= 50 VBAR* 8.01 XBAR* 314.68 SDV* .1348 SDX 1.7371 RHO* -.7257 

V = 8.01 i -.0563( X - 314.68) X = 314.68 i -9.351K V 

V* 8.0 IHETA* 4/.0 CHI* 330.0 

50 VBAR* B.Ol XBAR* 330.16 SDV* .1237 SDX 1.4849 RHO* -.6498 

V - 8.01 f *.0541( X - 330.16) X = 330.16 + -7.7990C V 


V* 8.0 IHLTA* 47.0 CHI = 345.0 

N’ 50 VBAR* 7.96 XBAR* 345.26 SDV* .1683 SDX 2.7203 RHO* -.8243 

V * 7.96 4 -.0510< X - 345.26)1 X = 345.26 + *13.3248< V 


7.99) 


8.04) 


8.04) 


8 . 01 ) 


8 . 00 ) 


8 . 02 ) 


8 . 01 ) 


8 . 00 ) 


7.99) 


8 . 01 ) 


8 . 01 ) 


8 . 01 ) 


7.96) 
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TABLE 70 


V = 12, 0 = 47, 1 CELL 

l CELL 

12.0 THETA^ 47.0 CHI^ .0 

50 0fcAR= 11. U4 XKAK--= 2.17 S0V= .2368 liHX 7.0H91 KH0^= -.5489 

0 ^ 11.84 + -.01U3( X - 2.17) X = 2.L7 f -16.4J?2( V 11.84) 

5.6t^20 '.6336 

X = 14.41 > -16.3G40< V - 11.94) 


12.0 THETA= 47.0 CHI= 30.0 

N= 50 0BAR= li.92 XBAR==^ 29.59 SD0= .1729 

0 = 11.92 + -.0177( X - 29.59) 

V= 12.0 THETAS 47.0 CHI== 45.0 

N= 48 0BAR= 11.96 XBAR- 44.74 SDV= .2521 SUX 

V = 11.96 + .0229< X ' 44.74) 

V= 12.0 THETA= 47.0 CHI=^ 60.0 

N= 47 0BAR= 12.00 XBAR= 60.02 SH0^ .3753 SBX 

V = 12.00 + .0654( X - 60.02) 

12.0 THETA= 47.0 CHI= 75.0 

N= 41 VBAR= 11.94 XBAR^ 74.89 SD0= .3964 SDX 

V = 11.94 + .091G< X - 74.89) 


3.5617 RHa= .6443 
X == 89.77 + 7.7051 < 0 - 11.79) 


0= 12.0 IHETA= 47.0 CHI= 105.0 

N= 49 VBAF<= 11.75 XBAR= 104.47 SB0= .2149 SUX 

V = 11.75 + ,.0086< X - 104,47) 

0= 12.0 TH£TA= 47.0 CMI= 120.0 

Ns 47 VBAR= 11.91 XBAR= 119.45 SH0= .2607 SUX 3.4074 RH0= -.3656 

V = 11.91 + -.0280( X - 119.45) X = 119.45 f -4.7787( 0 - 11.91) 

0= 12.0 THETA= 47.0 CHI= 135.0 

Ns 47 VBAR= 11.78 XBAR= 135.81 SD0= .2388 SUX 

V = 11.78 + -.0300( X - 135.81) 


2.5601 RHO^ -.2708 
X = 150.77 + -3.1369< V - 11.86) 


Va 12.0 THETA= 47.0 CHI= 165.0 

N» 44 VBAR- 12.00 XBAR= 165.06 SDO^ .3584 SDX 
0 » 12.00 + -.0244< X - 165.06) 

^ 201 - 


6.8436 RHO= -.4651 
X - 165.06 + -8.8819< V - 12.00) 


12.0 THETA= 47.0 CHI= 150.0 
N= 47 VBAR= 11.86 XBAR= 150.77 SDV= .2276 SDX 
0 = 11.86 + -.0248< X - 150.77) 


2.5944 RHO= -.3258 
X = 135.01 + -3.5400< V - 11.78) 


4.7030 RHO= .1873 
X = 104.47 + 4.0994.< V - 11.75) 


12.0 THETA= 47.0 CHI= 90.0 
N= 49 VBAR= 11.79 XBAR= 89.77 SDO= .2978 SDX 
Kf = 11.79 + .0539< X - 89.77) 


2.1206 RllO-^= -.2171 
X - 29.59 f -2. 6628 < 0 - 11.92) 

2.1771 RHO=^ .1977 
X s 4 4 . 74 f 1,7070(0- 11,96) 

3.3118 RHC)= .5770 
X = 60.02 + 5.0917( V - 12.00) 

3.1595 RHQ^ .7313 
X - 74.89 + 5.8293( 0 - 11.94) 


0= 12.0 THETA« 47.0 CHI-= 15.0 

Ns 49 OBARs 11.94 XBAR= 14.41 SDO-^ .2186 SUX 
0 s 11.94 f -.0245< X - 14.41) 


TABLE 70 (CONI' D.) 


V= 12.0 THETA= 47.0 CMI= 180.0 

39 Or«AR= 11.90 XBAR=s 180.29 SDV= .3317 SDX 8.2430 RHO= -.5240 

yj = 11.90 + -.021K X - 180.29) X ~ 180.29 + -13.0229< V - 11.90) 

V= 12.0 THETA= 47.0 CHI= 195.0 

N= 47 VBAR= 12.02 XBAR= 190.32 SDV= .3140 SDX 9.1320 RHO= -.5103 

V - 12.02 + -.0175< X - 190.32) X ~ 190.32 + -14.8415< V - 12.02) 

0= 12.0 THETA= 47.0 CHI= 210.0 

N= 37 OBAR= 11.99 XBAR= 209.35 SDV= .2186 SDX 7.0903 RHO= -.2971 

V = 11.99 + “.0092( X - 209.35) X - 209.35 -f -9.6371 ( V - 11.99) 

0= 12.0 THETA= 47.0 CHI= 225.0 

N= 44 OBAR= 11.92 XBAR= 224.59 SDV= .2575 SDX 3.8268 RHO= .4628 

V = 11.92 + .0311( X - 224.59) X “ 224.59 + 6. 8769 ( V - 11.92) 

0= 12.0 THETA= 47.0 CHI= 240.0 

N= 42 VBAR= 11.95 XBAR= 239.44 SDV= .2914 SDX 3.4842 RHO= .6460 

V = 11.95 + .0540< X - 239.44) X 239.44 + 7.7247< V - 11.95) 

0= 12.0 THETA= 47.0 CHI= 255.0 

40 VBAR= 11.97 XBAR= 255.62 SDV= .4046 SDX 7.5301 RHO= .8154 

0 = 11.97 + .0438( X - 255.62) X = 255.62 + 15.1756C 0 - 11.97 I 

0= 12.0 THETA= 47.0 CHI= 270.0 

N= 38 VBAR= 12.03 XBAR= 271.05 SI»V= .2937 SDX 5.6189 RHO~ .7287 

0 = 12.03 + .038K X - 271.05) X = 271.05 f 13.9395( V - 12.03) 

12.0 THETA= 47.0 CHI= 285.0 

42 VBAR= 11.94 XBAR= 284.89 SDO= .2451 SDX 4.9142 RIIO^^ -.0097 

0 = 11.94 -.0005< X - 284.89) X = 284.89 + -.1935< 0 - 11.94) 

12.0 THETA= 47.0 CHI= 300.0 

N= 43 VBARs= 12.01 XBAR= 300.23 SDV~ .2398 SDX 2.6346 RH(J= -.4743 

0 12.01 > -.0432( X - 300.23) X - 300.23 + -5.2114( 0 - 12,01) 

0^ 12.0 THETA= 47.0 CHI" 315.0 

N- 47 VBAR= 12.03 XBAR- 314.79 SDV~ .3626 SDX 3.0746 RMO= -.6659 

0 = 12.03 > -.0785( X - 314.79) X - 314.79 f -5.6468( 0 - 12.03) 

12.0 THETA- 47.0 CHI- 330.0 

48 VBAR:= 11.95 330.00 SDO- .2558 SDX 2.8148 RHO- .6073 

O ~ 11.95 + * .0552 ( X - 330.00) X - 330.00 T 6. 6822 ( 0 - 11.95) 

\J'~ 12.0 IHEfA= 47,0 CHI" 34':i.0 

N= 47 OBAR^ 11. 96 XBAK=^ 347.05 SDO^ .3481 SDX 0.3048 RHO-- 
U = 11.96 T -.0309( X - 347.05) X - 347.05 4 


.7369 

-17.5787( V - 11.96) 


202 



TABLE 71 


V = 12, 0 = 47, 5 CELLS 


CELL 


I V= 12.0 THETA= 47.0 CHI= .0 

50 VBAR- 11.95 .04 .1316 SOX 

I 0 = 11.95 > -.0198( X - .04) 


4.05 43 - 

X = .04 1 


.7304 

-26. 9360 ( V 


V=» 12.0 THETA* 47.0 CHI* 15.0 

N* 50 OBAR= 11.98 XBAR* 15.03 SDO* .0806 i)V) 

V = 11.98 + -.0163< X - 15.03) 

0= 12.0 THETA* 47.0 CHI= 30.0 

N= 50 OBAR* 11.96 XBAR* 30.07 SBO* .0854 SOX 

V = 11.96 + ".0061( X - 30.07) 

0= 12.0 THETA* 47.0 CHI* 45.0 

N= 49 VBAR* 12.00 XBAR* 44.79 SDO* .1762 SDX 

0 = 12.00 + .0286< X - 44.79) 

V* 12.0 THETA* 47.0 CHI* 60.0 

N* 50 OBAR= 11.99 XBAR= 59.77 SDO* .1514 SDX 

V = 11.99 + .0823( X - 59.77) 

g= 12.0 THETA* 47.0 CHI= 75.0 

N= 50 OBAR= 11.98 XBAR= 74.87 SDO* .1925 SDX 

V = 11.98 + .0799< X - 74.87) 

V= 12.0 THETA* 47.0 CHI= 90.0 

N* 50 OBAR* 11.88 XBAR* 89.61 SDO* .1725 SDX 

0 « 11.88 + .072K X - 89.61) 

0* 12.0 THETA* 47.0 CHI* 105.0 

N= 50 OBAR= 11.94 XBAR= 104.76 SDO= .0958 SDX 

V = 11.94 + .0030( X - 104.76) 

V* 12.0 THETA* 47,0 CHI= 120.0 

N* 50 OBAR* 11.91 XBAR* 119.81 SDV* .0986 SDX 

V = 11,91 + -.0168( X - 119.81) 

V* 12.0 THETA* 47.0 CHI* 135.0 

N* 50 VBAR* 11.95 XBAR* 135.54 SDO* .1154 SDX 

V = 11.95 + -'.0198< X - 135.54) 

V* 12.0 THETA* 47.0 CHI* 150.0 

N* 50 VBAR* 11.95 XBAR* 150.38 SDV* .1006 SDX 

V * 11.95 f -.0344< X - 150.38) 

V* 12.0 THETA* 47,0 CHI* 165.0 

N* 50 VBAR* 11.97 XBAR* 164,69 SDV* ,1286 SDX 

V * 11.97 + -,0559< X - 164.69) 

- 203 - 


1.8719 RHO* - 
X * 15.03 f 


. 8945 RHO* - 
X = 30.07 + 

1.4206 RHO* 

X = 44.79 + 

1.3124 RHO* 

X * 59,77 + 

1 ,5422 RHO* 

X = 74.87 + 

1.6894 RHO* 

X * 89.61 + 


,3454 

-7. 2970 ( V 


.0640 
-.6703( V 


.2317 
1.8793< V 

.7130 
6,1794< V 

.6398 
5.1252C V 

.7063 
6.9149( V 


2.2703 RHO* 

X * 104.76 + 

1,9518 RHO* 

X = 119.81 + 

1.0047 RHO* 

X * 135.54 + 

1.0238 RHO* 

X = 150.38 + 

1.2044 RMO= 

X = 164,69 + 


.0702 

1.6627( V - 

-.3327 
-6. 5830 < V ■ 

-.1725 
- 1 , 50 1 1 < V 

-.3501 
-3.5618( V 

-.5239 
-4,9068( V 


11.95) 


11.98) 


11.96) 


12 . 00 ) 


11.99) 


11.98) 


11 . 88 ) 


11.94) 


11.91) 


11.95) 


11.95) 


- 11.97) 



TABLE 71 (CUNT'U.J 


v= 12.0 THETA= 47.0 CHI= 180.0 

N= 50 08AR= 12.03 XBAR= 180.29 SDV= .1576 SOX 

V . 12.03 + -.0233( X - 180.29) 

V= 12.0 THETA= 47.0 CHI= 195.0 

N= 50 VBAR» 11.99 XBAR= 194.56 SBO= -0986 SDX 

V = 11.99 + -.0079( X - 194.56) 

12.0 THETA= 47.0 CHJ= 210.0 
N= 50 OBAR- 1,2.00 XBAR= 209.97 SBV= .1040 SDX 

V = 12.00 + -.0016< X - 209.97) 

w= 12.0 THETA= 47.0 CHI= 225.0 

50 VBAR= 12.00 XBAR= 224.69 SDO= .1050 SDX 

V = 12.00 + .0262( X - 224.69) 

V= 12.0 THETA= 47.0 CHI= 240.0 

N= 50 VBAR. 12.03 XBAR= 240.12 SDV= .1238 SDX 
U = 12.03 + .0403< X 240.12) 

V= 12.0 THETA= 47.0 CHI= 255.0 

N= 48 VBAR= 11.99 XBAR= 255.42 SDO= . 1330 SDX 

V = 11.99 + .0480( X - 255.42) 

V= 12.0 THETA=, 47.0 CHI= 270.0 

N= 50 VBAR= 11.99 XBAR= 269.13 SDV= .1355 SDX 

V = 11.99 + .0335( X - 269.13) 

12.0 THETA= 47.0 CHI- 285.0 
N= 50 OBAR= 11.98 XBAR= 285.30 SDV= .0987 SDX 
\J - 11.98 + -,0027( X - 285.30) 


4.8A76 RHO= -.7209 
X = 180i29 + -22.2A4K V - 

2.6689 RHO= -.2130 
X = 194.56 + -5.7643( 0 - 

1,6023 RHO= *-.0239 
X = 209.97 + — »3685( 0 ” 

1,8176 RHO= .4538 
X = 224.69 + 7.8573( M - 

1,4835 RHO= .4827 
X = 240.12 + 5.7825( V - 

2.1651 RHO= .7808 
X 255.42 + 12.7089( 0 

1.8965 RHO= .4684 
X = 269.13 + 6.5561 ( 0 

2.0207 RHO~ -.0560 
X = 285.30 + -1.1466C 0 


V= 12.0 THETA= 47.0 CHI- 300.0 

50 0BAR= 12.04 XBAR= 299.92 SD0= .1311 SDX 1.4357 RHC -.5459 

^ = 12.04 4 -.0498( X - 299.92) X 299.92 + -5.9798< O 

12.0 THETA- 47.0 CHI- 315.0 

H. 50 0BAR- 12.00 X8AR- 315.19 SI.O- .1379 SDX 1.3702 RHO- -.6263 

Y - 71 s 19 + - 6.22261 VJ 

V . 12.00 f -.06301 X - 315.19) X ' 

Vr 12.0 THEIA= 47.0 CHI- 330.0 

a-* c-mj- l'*97 SDX 1.1505 RHO- -.5687 

N.- 50 ODAR- 11.99 XDAR- 3J9.92 SDV - .1.-9/ 

Y - 7'^*J,92 1 -5.04J91 ' 

v= 11.99 ) -.064K X - 329.92) X-3. .V- 

V- 12.0 THETA- 4 7.0 CHI - 345.0 

... so OHAR- 11.99 XBAK^ ,145.24 SDO^ .1097 SDX 1.4937 RHO^ -.5884 

u = 11.99 ) -.04J2( X - 345.24) X = 345.24 ) -8.0138< 


12.03) 


11.99) 


12 . 00 ) 


12 . 00 ) 


12.03) 


- 11.99) 


- 11.99) 


- 11.98) 


- 12.04) 


- 12 . 00 ) 


- 11.99) 


y - 11.99) 
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TABLE 72 


V = 24, 0 = 47, 1 CELL 


1 CELL 

24.0 1HETA= 47. a CHI= .0 

N= 50 23.87 XHAR= ,46 SDV= .3059 Sl»X 7.4221 -.5258 

0 = 23.87 + -,0217< X > .46) X . 46 + -12. 7570 ( 0 - 23.87) 

V= 24.0 THETA= 47.0 CHI= 15.0 

N» 50 0BAR= 23.90 XBAR= 14.12 SH0= .3173 SDX 7.8629 RH0= -.6271 

V = 23.90 + -.0253< X - 14.12) X - 14.12 f -15.5389( 0 - 23.90) 

24.0 THETA= 47.0 CHI= 30.0 

N= 49 Vt»AR= 23.84 XHAR= 30.84 SD0= .3677 SDX 2.6657 RH0= -.4852 

V = 23.84 + -,0669< X - 30.84) X “ 30.84 + -3.5179< 0 - 23.84) 

V* 24.0 THETA= 47.0 CH1= 45.0 

N= 50 VBAR= 24.04 XBAR= 44.91 SU0= .3595 SDX 2.2994 RH0= -.0393 

V = 24.04 + -.006K X - 44.91) X = 44.91 + -.2513< V - 24.04) 

24.0 THETA= 47.0 CHI= 60.0 

Na 50 0BAR= 24.10 XDAR- 60.24 SDO- .5449 SDX 3.7806 RHO- .5715 

0 a 24.10 + .0824( X - 60.24) X = 60.24 + 3.965K V - 24.10) 

Va 24.0 THETAa 47.0 CHI= 75.0 

N= 49 VBAR= 23.94 XBAR* 75.11 SDOa .5911 SDX 3.4807 RHO- .6161 

V a 23.94 + .1046< X - 75.11) X = 75.11 + 3.6284( 0 - 23.94) 

V= 24.0 THETAa 47.0 CHI= 90.0 

N= 49 OBARa 23.70 XBAR= 89.24 SDO= .3459 SDX 3.6828 RHQa .4823 

0 = 23.70 + .0453( X - 89.24) X = 89.24 + 5.1346( O - 23.70) 

V= 24.0 TUCTA= 47.0 CHI= 105.0 

49 VBARa 23.64 XBAR= 105.33 SDO= .2384 SDX 4.1029 RHO - -.3197 

0 a 23.64 + -.0186< X - 105.33) X = 105.33 + -5.5028( 0 - 23.64) 

V= 24.0 THETAa 47.0 CHI= 120.0 

N= 50 VBAR= 23.89 XBAR= 119.23 SDO= .3576 SDX 3.6501 RHOa -.3819 

V a 23.89 + -.0374( X - 119.23) X = 119.23 + -3.8?83( V - 23.89) 

V= 24.0 THETAa 47.0 CHI= 135.0 

N= 50 VBARa 23.84 XBAR= 134.29 SDO= .3029 SDX 2.1845 RHQa -.3108 

V = 23.84 + -.043K X - 134.29) X = 134.29 + -2.2413( 0 - 23.84) 

24.0 THETAa 47.0 CHI= 150.0 

Ha 50 VBARa 23.73 XBAR= 150.63 SDO= .2944 SDX 1.9030 RHQa .0271 

V = 23.73 + *0042( X - 150.63) X = 150.63 + .1753( 0 - 23.73) 
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TABLE 72 (CONT'D.) 


V- 24.0 THETA= 47.0 CHI= 165.0 

N= 50 VBAR= 24.04 XBAR= 166.49 SDV= .3828 SUX 5.8427 RHO= -.3903 

V « 24.04 + -.0256< X - 166.49) X = 166.49 + -5.9574( V 

V= 24.0 THETA= 47.0 CHI= 180.0 

N= 50 VBAR= 23.86 XBAR= 181.95 SDO= .3551 St»X 7.7024 RHO= -.4605 

0 = 23.86 + -.0212( X - 181.95) X = 181.95 + -9.9902( V 


24.04) 


23.86) 


0=* 24.0 THETA= 47.0 CHI= 195.0 

N= 50 VBAR« 24.09 XBAR= 192.41 SBV= .3645 SDX 
0 * 24.09 + -.0194< X - 192.41) 


8.8665 RHO= -.4725 
X = 192.41 + -H.4937( V - 24.09) 


24.0 THETAs 47.0 CHI= 210.0 

N:= 48 VBAR= 23.82 XBAR= 209.92 SBV= .3598 SpX 3.2751 RHO= -.0555 

V = 23.82 + -.006K X - 209.92) X = 209.92 + -.5048( V - 23.82) 

V= 24^0 THETA= 47.0 CHI= 225.0 

N- 50 VBAR-= 23.97 XBAR=. 225.03 SDO= .2648 SDX 2.7055 RHO= .2140 

V = 23.97 f .0210( X - 225.03) X == 225.03 + 2.1867( V - 23.97) 


24.0 THETA= 47.0 CHI= 240.0 
N= 49 VBAR= 23.99 XBAR= 240.17 SDO= .3358 SDX 
0 = 23.99 + .0558< X - 240.17) 

0= 24.0 THETA= 47.0 CHI= 255.0 

30 VBAR= 23.99 XBAR“ 254.00 SHV= .5201 SDX 
0 * 23.99 + .087K X - 254.00) 


2.8068 RHO= 

X “ 240.17 + 


4.4052 RHO= 

X = 254.00 + 


.4666 

3.9000< V - 23.99) 


.7378 
6.2488( 0 


23.99) 


24.0 THETA= 47.0 CHI= 270.0 
38 OBAR^ 23.96 XDAR= 269.25 SDV= ,3767 SDX 
0 == 23.96 + .0240( X - 269.25) 


5. 6148 RHO:^ 

X 269.25 + 


.3570 
5.3202( V 


23.96) 


0= 24.0 1HETA= 47.0 CHI=^ 285.0 

N= 33 OBAR^ 24.01 XBAR= 284.79 SDU= .4445 SDX 6.2442 RHG=^ .3064 

0 = 24.01 + .0218( X - 284.79) X := 284.79 + 4. 3034 ( V - 24.01) 

0= 24.0 THtiA= 47.0 t;iU== 300.0 

N= 48 VBAR= 24.00 XDAR= 299.82 SHy=^ .3193 SDX 2.4330 RHO=^ -.3060 

0 = 24.00 + “.0402( X - 299.82) X ^ 299.82 + ~2.3314< V - 24.00) 


0-- 24.0 THETA^ 4 7.0 315.0 

49 ODAR:= 24.01 XDAR== 315.27 SDO=-- .4124 SDX 
O - 24.011 “ . 0697 ( X 31 5 . 27 ) 


2.5390 RHCI- -.4379 
X 315.27 + 2. 7491 < V 


24.01 ) 


o- 24.0 THEIA= 4/.0 CHI- 330.0 

50 OHAR- 24.0/ XDAR^- 330.56 SHO^ .3192 SDX 
0 = 24. 0'^ f < - 330.56) 


2.4576 RHO= -.1401 
X = 330.56 1 -1.0789( O - 24.07) 


V= 24.0 THETA= 47,0 CHI=^ 345.0 

N= 50 VBAK= 23.98 XBAR= 347,51 SDO* .4401 SDX 10,6413 KHO^ -.5056 

O - 23.98 ♦ ’ --.0209( X 347.51 ) X 347.51 -1 12.2255( 0 - 23,98) 
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TABLE 73 V = 4, 6 = 53.5, 5 CELLS 


5 TELL 


4.0 THETrt= ti3.S CHI- *0 
N= 41 VBAR= 4.04 XKAR- .12 SD0« 
0 a 4.04 + -.0198< X - 


.2438 SDX 
♦ 12 ) 


9.4828 RHO- -.7AB4 
X = .12 + -29. 8835 < 0 - 


4.0 THETAa 53.5 CHI= 15.0 
43 VBAR= 4.03 XE<AR= 12.49 SHO" .1349 SDX 
0 a 4.03 + -.0052< X - 12.49) 


9.3842 KHO- -.3590 
X = 12.49 + -24.9833C 0 - 


Va 4.0 THETAa 53.5 CHI= 30.0 

N= 35 VBAR= 4.01 XBAR= ,28.16 SI.V= .1508 SDX 6.2000 RHO= .5621 

V » 4.01 + .0137( X - 28.16) X = 28.16 + 23.1143< V - 


ga 4.0 THETA= 53.5 CHI= 45.0 
Na 43 ODAR= 3.95 XDAR-- 40.74 SDO= 
V a 3.95 + .0250( X - 


.2203 SDX 
40.74) 


6.8594 RHO= .7789 
X a 40.74 + 24.2499( 0 - 


Va 

N= 


4.0 THETAa 53.5 CHI= 60.0 
33 OBARa 3.98 XBAR= 57.58 SDOa .3619 SDX 
g s 3.98 + .0665( X - 57.58) 


4.8448 RHQa .8907 
X a 57.58 f 11.9233< 0 - 


ga 4.0 THETAa 53.5 CHI= 75.0 
Na 39 VDARa 3.75 XDARa 71.04 SDOa .3 
g a 3.75 + .0418( X - 71.04) 


5.3282 RHQa .7366 
X a 71.04 + 12.9945( V - 


g= 4.0 THETAa 53.5 CHI= 90.0 
Na 50 VBARa 3.87 XBARa 93.07 SDO.= .2 
g a 3.87 + .0156( X - 93.07) 


10.6293 RHOa .6034 
X a 93.07 + 23.2Q94( V - 


g= 4.0 THETAa 53.5 CHI^ 105.0 

Na 50 UBARa 3.76 XBAR= 100.74 SDOa .2979 SDX 
g a 3.76 + .0113( X - 100.74) 


9.0788 RHOa .3446 
X a 100.74 + 10.5023( V - 


ga 4.0 THETAa 53.5 CHI= 120.0 

Na 41 VBARa 3.69 XBAR= 105.73 SDVa .3549 SDX 
g a 3.69 + .0129( X - 105.73) 


16.5076 RHOa .6000 
X a 105.73 + 27.9081< V - 


g« 4.0 THETAa 53.5 CHI= 135.0 

Na 26 VBARa 3.77 XBAR* 136.00 SDVa .2197 SDX 13.5690 RHQa *1122 

V a 3.77 + .0018( X - 136.00) X = 136.00 + 6.9307( V 


Va 4.0 THETAa 53.5 CHIa 150.0 

Na 25 VBARa 4.00 XBARa 151.34 SDV= .3066 SDX 9.1987 RHO= -.6090 

g a 4.00 ^ -*0203( X - 151.34) X - 151.34 + -18.2722< V 


4.04) 


4.03) 


4.01) 


3.95) 


3.98) 


3.75) 


3.87) 


3.76) 


3.69) 


3.77) 


4.00) 
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TABLE 73 (CGNT»D.) 


V= 4.0 THETAa 53.5 CHI= 165.0 

N= 19 VBARs 4.29 X£«AR= 159.11 SUV* .2954 SOX 8.6384 RHO= -.7885 

0 = 4.29 + -.0270< X - 159.11) X = 159.11 + -23.0584 ( V - 


4.0 THETA= 53.5 CHI= 180.0 

N= 19 OBAR=^ 3.98 XBAR= 191.39 SDV= .2033 SOX 17.4663 RHO= -.6986 

V e 3.98 + -.008K X - 191.39) X * 191.39 + -60.0l82( V - 


V* 4.0 THETA= 53.5 CHI= 195.0 

N= 22 VBAR= 4.20 XBAR» 182.50 SBV= .2836 SDX 20.2530 RHO“ -.5211 

0 « 4.20 + -.0073( X - 182.50) X = 182.50 + -37.2120( V - 


4.0 THETA= 53.5 CHI= 210.0 

N= 21 VBAR= 4,06 XBAR= 205.19 SBV= .1294 SDX 19.5129 RHO= -.2759 

V = 4.06 + -.0018( X - 205.19) X = 205.19 + -41.6189( V - 

4.0 THETA= 53.5 CHI= 225.0 

N* 25 VBAR* 4.01 XBAR= 221.88 SDV= .2637 SDX 17.7626 RHO= .6531 

0 = 4.01 + ,0097< X - 221.88) X = 221.88 + 43.9910( 0 - 


0* 4.0 THETA= 53.5 CHI= 240.0 

N= 14 VBAR= 4.19 XBAR^s 244.07 SDV= .2865 SDX 11.3104 RHO= .8245 lU 

V * 4,19 + ,0209( X - 244,07) X = 244.07 + 32.5483< V - 


V= 4.0 THETA= 53.5 CMI= 255.0 

N= 24 VBAR= 4,09 XBAR= 255.46 SDV= .3718 SDX 11.0729 RMO= .7731 

V = 4.09 + .0260( X - 255.46) X = 255.46 + 23.0214< V - 


4.0 THETA= 53.5 CH1= 270.0 

N- 19 VBAR= 3.87 XBAR= 274.34 SDV= .3826 SDX 16.0920 RHO” .3104 

0 = 3.87 + .0074( X - 274.34) X = 274.34 + 13,0548( V - 


V= 4.0 THETA= 53.5 CHI= 285.0 

N« 19 OBAR= 3.68 XDAR= 292.16 SDV= .5277 SDX 17.2560 RHO= -.4458 

V = 3.60 + -,0136( X - 292.16) X = 292.16 ¥ -14.5770< V - 


0= 4.0 THETA* 53.5 CHI= 300.0 

N* 31 OBAR* 3.88 XBAR* 298.58 SDO= .5274 SDX 14.8923 RHO= -.3112 

0 = 3.88 + -.0110( X - 298.58) X = 298.58 + -8.7865( 0 - 


V* 4.0 THETA* 53.5 CHI* 315.0 

N- 42 VDAK= 4.09 XDAR* 314,05 SDO* .3497 SDX 7.0291 RHO* -.6410 

0 * 4.09 i -.0319< X - 314.05) X * 314.05 + -12.8843( V - 

0* 4.0 THETA* 53.5 CHI* 330.0 

N* 4 7 OBAR- i».29 XDAFl* 326.64 SDV* .4654 SDX 7.5 720 RHO* -.8942 

0 = 4.29 f -.0550< X - 326.64) X * 326.64 4 -14.5480( V - 

0* 4.0 THETA* 53.5 CHI* 345.0 

N= 46 OBAk* 3.0.7 XBAR* 349.90 SDV* .4162 SDX 10.3586 RHCI* -.9047 

V = 3,87 + • .0364< X - 349.98) X * 349.98 + -22.5155< 0 


4.29) 


3.98) 


4,20) 


4.06) 


4.01) 


4.19) 


4.09) 


3.87) 


3.68) 


3.88) 


4.09) 


4.29) 


3.87) 
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TABLE 74 


V = 4, 0 = 53.5, 25 CELLS 


25 CrXL 


v= 4.0 THETA= 53»5 CHi= *0 

N= 50 VI«AK= 4.03 X£»AK= 35V. 07 SDV“ .1269 SDX 

V = 4.03 + -.0208( X - 359.07) 

Va 4.0 THETA= 53.5 CHI= 15.0 

49 0BAR== 4.03 XI«AR= 12.04 SDV= .0670 SDX 

V = 4.03 + -.006K X - 12.04) 

4.0 THETA= 53.5 CHI= 30.0 

N= 46 VDAR-^ 4.00 XDAR= 29.88 SDV= .0692 SDX 

V = 4.00 + .0179( X - 29.88) 

V* 4.0 THETA= 53.5 CHI== 45.0 

N= 49 ODAR- 4.01 XDAR= 44.14 SDV= .1158 SDX 

V = 4.01 + .0324( X - 44.14) 

V= 4.0 THETA= 53.5 CHI= 60.0 

N* 39 VBAR= 3.98 XDAR= 59.05 SDV= .1388 SDX 

V = 3.98 + .0588( X - 59.05) 

V= 4.0 THETA= 53.5 CHI= 75.0 

N= 45 VBAR= 3.93 XBAR== 73.88 SDV= .1561 SDX 

V = 3.93 + .0576( X - 73.88) 

V= 4.0 THETA= 53.5 CHI= 90.0 

N= 50 VBAR= 3.90 XBAR= 89.41 SDO= .1549 SDX 

V = 3.90 + .0702( X - 89.41) 

V= 4.0 THETA= 53.5 CHI= 105.0 

N= 50 VBAR= 3.94 XBAR= 104.93 SDO= .1649 SDX 

V = 3.94 + .0194( X - 104.93) 

V= 4.0 THETA= 53.5 CMI= 120.0 

N= 50 VBAR= 3.89 XBAR= 115. '37 SDO= .1868 SDX 

V s 3.89 + .0129( X - 115.37) 

Va 4.0 THETA= 53.5 CHI= 135.0 

N= 36 VBAR=» 3.89 XBAR= 136.69 SDV= .1201 SDX 

\J = 3.89 + -.0199( X * 136.69) 

4.0 THETA= 53.5 CHI= 150.0 
44 VBAR= 3.73 XBAR= 151.82 SDV= .1254 SOX 
V o 3.93 + -.024K X - 151.82) 


5.5453 RHO^^ -.9111 
X - 359.07 i ~3V.8116( V 


5.8256 RH0= -.5282 
X = 12.04 + -45.899K - 

2.8441 RHO™ .7348 
X = 29.89 + 30.2106( V - 

2.9864 RHU- .8348 
X = 44.14 + 21 .5306 ( V 

2.0122 RH0== .8524 

X = 59.05 + 12.3609( 0 

2.0955 RH0= .7726 
X = 73.88 + 10. 3706 < V 

1.6210 RHO= .7344 
X = 89.41 f 7.6868( V 


5.9634 RH0= .7024 
X = 104.93 i 25. 3959 ( V ■ 

11.6159 RHO= .8049 
X = 115.37 + 50.0459( V 

2.9893 RM0= -.4960 
X = 136.69 + -12.3504( V 


3.6608 RH0~ -.7036 
X = 151.82 + -20.5448< V 


4.03) 


4.03) 


4.00) 


4.01) 


3.98) 


3.93) 


3.90) 


3.94) 


3.89) 


3.89) 


3.93) 
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TABLE 74 (GONT’D.) 


V« 4.0 THETA* 53.5 CHI* 165.0 

N* 33 VBAR* 4,04 XBAR* 164.35 SDV* .2031 SUX 7,8823 RHO* -.8470 

V « 4.04 + -.0218( X - 164.35) X * 164.35 + -32.8785< V - 

V= 4.0 THETA* 53.5 CHI* 180.0 

N= 34 VBAR* 4.02 XBAR* 181.76 SDO* .1926 SDX 11.6059 RHO* -.8067 

0 * 4.02 + -.0134< X - 181.76) X * 181.76 + -48.6103< V - 

4.0 THETA* 53.5 CHI* 195.0 

N* 43 VBAR* 4^04 XBAR* 189.21 SI»V* .1038 SUX 11.2629 RHO* -.4746 

0 = 4.04 + -.0044( X - 189.21) X = 189.21 + -51.5177< V - 


V* 4.0 THETA* 53.5 CHI* 210.0 

N* 39 VBAR* 4.02 XBAR* 204.37 SDV* .1059 SUX 13.0216 RHO* -.5941 

V = . 4.02 + -.0048( X - 204.37) X = 204,37 + -73.0419( V - 

V= 4.0 THETA* 53.5 CHI* 225.0 

N= 26 VBAR* 3,97 XBAR* 222.08 SDV* .1380 SDX 7,4147 RHO* .6675 

V * 3.97 + ,0124< X - 222,08) X = 222.08 + 35.8526( V - 


V* 4,0 THETA* 53.5 CHI* 240.0 

N= 36 VBAR* 4.03 XBAR* 239.68 SDV* ,2068 SDX 
V = 4,03 > .0272< X - 239.68) 


6,1777 RHO* .8139 
X = 239.68 + 24. 3088 ( V - 


V* 4.0 THETA* 53.5 CHI* 255.0 

N* 24 VBAR* 4.07 XBAR* 256.50 SDV* .1818 SDX 
V * 4.07 + ,0234( X - 256.50) 


5.7611 RHO* .7400 
X = 256,50 + 23.4467C V - 


V* 4,0 THETA* 53.5 CHI* 270.0 

N= 30 VBAR* 4.02 XBAR* 270.82 SDV* .2088 SDX 
V = 4.02 + ,0219( X - 270.82) 


6.0905 RHO* .6399 
X * 270.82 + 18.6637( V - 


V* 4.0 THETA* 53.5 CHI* 285.0 

N= 34 VBAR* 3.99 XBAR* 285,12 SDV* .2031 SDX 
V = 3.99 f -.0030( X - 285.12) 


7.4642 RHO* -.1103 
X * 285.12 + -4.0546< V - 


V* 4.0 THETA* 53.5 CHI* 300.0 

N= 33 VBAR* 3.99 XBAR* 300.27 SDV* .2151 SDX 
V = 3.99 + -.0159( X - 300.27) 


5.2921 RHO* -.3917 
X * 300.27 + -9.6353( V - 


\J- 4.0 THETA* 53.5 CHI* 315.0 

N- 47 VBAR* 3.97 XBAR* 315.71 SDV* .2549 SDX 
V * 3 . 97 f - . 0598 ( X - 315,71) 


3.7809 RHO* -.8867 
X = 315.71 + -13.1515( V - 


V* 4.0 THETA* 53.5 CHI* 330.0 

N- 45 VBAR* 4.04 XBAR* 329.39 SUV* .2006 SDX 
V * 4.04 T *.0639( X - 329.39) 


2.8102 RHO* -.0956 
X * 329.39 + - 12.5451 ( V 


V* 4.0 THETA* 53.5 CHI* 345.0 

N* 49 VBAR* 3.95 XBAR* 346.71 SDV* .2052 SDX 4.9057 RHO* -.9292 

V * 3.95 f -.0389( X - 346.71) X ^ 346.71 + -22.2175< V 

- 210 - 


4.04) 


4.02) 


4.04) 


4,02) 


3.97) 


4.03) 


4.07) 


4.02) 


3.99) 


3.99) 


3.97) 


4.04) 


3.95) 



TABLE 75' 


V = 8, 0 = 53.5, 5 CELLS 

CtLL 


d.O rm^ .0 

N- 4V VI«mK- :j.OJ -AbMrv jj'.VO SD'J- .Ic?*/ /.4/7.: I-.IIU ' - . /li/jV 

y ^ 0.02 V -.oiuv< X •• X t o - 


0= 8.0 THtlTA^ tii.is CHI- 15.0 

N- 48 VbAK- 8.05 XHAK-- 1.1.53 SUO- .2:; 

\J -s 8.05+ - . 0 1 VA ( X .- 11.53; 


V.1J8/ KIM,;- -.80/5 
X =" 11.53 1 -33. 205 U 0 ■ 


8.0 rHETA= 53.5 CHi^ 30.0 
Ns» 31 OBAR= 7.99 XDAK= 29.37 SI«0= .1279 SDX 

V - 7.99 f .0107( X - 29.37) 

0- 8.0 THETA= 53.5 CMI= 45.0 

N= 39 OBAR- 7.87 Xt«AK-= 43.51 SUV"- .1750 l»l.iX 

V ^ . 7.8/ + .02A8< X - 43.51) 


2.5494 RHO- .2138 
X = 29.37 + 4.2A05( 0 - 


2.35 74 RHt):-- .3v'»12 

X = 43.51 + 4,8o58< 0 “ 


V= 8.0 rHE:TA= 53.5 CHI= 60.0 

44 VHAK = 7.95 Xt:AR= 59.33 5ti0= .1901 SUX 

\j = 7.95 + .0653( X - 59.33) 


2.0225 RH8--= .6951 

X •--- 59.33 + 7. 3951 < V - 


V= 8.0 THETA- 53.5 CHI= 75.0 

N= 43 OPAK= 7.89 XKAR= 74.30 SDO= .2595 SDX 2.5108 RHO- .7377 

V := 7.89 i .0763( X - 74.30) X = 74 . 30 f 7 . 1371 ( 0 - 


8.0 THEFA= 53.5 CHI= 90.0 

N= 48 V£«AR= 7.83 XDAR= 89.79 SDO= .2548 SUX 3.1834 RHO= .7970 

y = 7.83 > .06381 X - 89.79) X - 89.79 + 9.9588( V - 


8.0 IHETA- 53.5 CMI= 105.0 

50 7.84 X8AR= 104.65 St'V== .2496 SDX 7.1586 RHO= .3513 

0 - 7.84 + .0122< X - 104,65) X = 104.65 + 10.0736< 0 - 


V= 8.0 THETA= 53.5 CHI= 120.0 

N= 46 ODAR= 7.06 XDAR" 120.13 SDO- .1511 SDX 5.7281 RHO- -.2213 

0 = 7.86 + -.0058( X - 120.13) X = 120.13 T -8.3925( 0 - 

0= 8.0 THETA- 53.5 CHI== 135.0 

N= 44 VDAR^ 7.93 XDAR= 135.83 SDO- .1657 SDX 2.3455 RHU- - .3826 

K) = 7.93 f -.0270< X - 135.83) X ^ 135.83 > -5.4170< V - 


8.0 THETA= 53.5 CHI= 150.0 

N= 49 VDAR= 7.93 XDAK== 150.77 SDO= .1743 SDX 2.7241 RHO-- -.6393 

y - 7.93 + -.0409( X - .150.77) X = 150.77 ¥ -9,9936< 0 

8.0 THErA= 53.5 CHI^= 165.0 

N.-= 41 ODAR= 7.98 XDAR- 166.41 SDO= .2236 SDX 7.3866 RHD- -.7644 

V - 7.98 ¥ -.023K X - 166.41) X = 166.41 ¥ -25.2479( V 

- 211 - 


8.05) 


7.99) 


7 . B7 ) 


7.95) 


7.89) 


7.83) 


7.84) 


7.86) 


7.93) 


7.93) 


7.98) 



TAB IF. 75 fCONT'P.'l 


W« e.O THETA= 53.5 CHI= IBO.O 

N= 35.VBAK* 8.05 XE-AR= 180.73 Sl-V= .2359 SDX 10.7654 RHO= -.6909 

V = 8.05 + -.015K X - 180.23) X » 180.23 + -31.5304( 0 - 

V» e.O THETA** 53.5 CMI= 195.0 

N- 24 V8AR- 8.07 XBAR» 194.46 SDV= .1679 StiX 10.4553 RHO* -.7359 

V = 8.07 + -.0115( X - 194.46) X “ 194.46 + -46.9293< V - 


8.0 THETA** 53.5 CHl= 210.0 

N=* 33 OItAR= 8.00 XPAR= 209,89 SI»V=. .2153 SDX 9,0520 RHO= -.3095 

V = 8.00 + -r.0074( X - 209.89) X = 209.89 + -13.0125( 0 - 

0=1 8.0 THETA= 53.5 Cm= 225.0 

N= 42 OE«AR= 7,99 X8AR= 225.04 SI«V=* .2240 SOX 5.4345 RHO= .6848 

y 3 7,99 + .0282( X - 225.04) X = 225,04 + 16.6096( 0 ~ 


V* 0.0 THETA=* 53.5 CHI= 240.0 

N= 40 V8AR- 7.99 XHAR- 239.30 SHO= .2302 SOX 4.7055 RHO= ,7240 

g - 7^99 + .0354( X - 239.30) X = 239.30 + 14. 8005 ( V - 


V=» 8.0 THETA= 53.5 CHI= 255.0 

N« 33 V8AR» 8.10 XOAR** 256.03 SDV** .3040 SDX 5.7264 RHO= .8817 

V a 8.10 + .O460( X - 256.03) X = 256.03 + 16.6076( 0 - 


0* 8.0 FHEfA** 53.5 CM1= 270.0 

N= 32 ODAR- 7.97 Xl<AR= 270.70 SDO- .3341 SUX 6.0806 RHO * .7 788 

g , 7,97 + .0428( X - 270.70) X - 270.70 T 14.1729( 0 - 


V= 8.0 TMETA= 53.5 CM1= 285.0 

N= 43 UDAK= 7.97 XDAR** 282.55 SDO*= .1990 SDX 
V = 7.97 f .017K X - 282.55) 


5.3043 KHO- .4553 
X = 202.55 + 12.1373( 0 - 


0.0 rHETA= 53.5 CHI=* 300.0 

N= 41 Vl.AR= 7.94 XF.AR= 300.1.9 St-V- .:’>12 SLX 3.4?37 KIIQ- -.7410 

^ _ 7.V4 f - .OOOB( X - 300.59) X -- 300.09 + -9.35B5( M 


V-= 8.0 I HE I A- 53.5 CHI* 315.0 

N- 4V VDAK- 8.00 XDAFv^* 3 1 4 . V5 SDO- .2524 SDX 2.2350 RHO = -.7028 

V = 8.00 + -.0U84( X - 314. V5) X - 314.95 1 -6.9355( 0 


Vr B.O IMETA= 53.5 CMl^ 330.0 

N“ 49 VHAK-^ 8.13 XHAK=* 329.10 SDO*- .2568 SDX 
V ^ 8.13 ♦ .0 760( y .*.29.10) 


2.7000 RHO*= -.8250 
X = 329.10 » “8.9565( V - 


O- 


N = 


8.0 IHt!A= 53.5 CM 


46 VDAR^ 7. 98 yUAR** 


V * 7.98 + 


1= 345.0 

346.66 5DV- ,2912 
.0249C X * 346.66) 


SDX 


9.13/3 KHtI* -.7030 
X ** 346.66 4 24, 5709 ( O 


8.05) 


8.07) 


8.00) 


7,99) 


7.99) 


8 . 10 ) 


7.97) 


7.97) 


7.94) 


8 . 00 ) 


8,13) 


7,98) 
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TABLE 76 


V = 8, e = 53.5, 25 CELLS 


25 CELL 


8»0 IHLTA^ 53.5 CHI- .0 

50 06AR= 7.97 XI.AK- 1.17 SHV= .0960 SKX 3.4966 RH0= - .B225 

V = 7.97 + -.0226< X - 1.17) , X = 1.17 i -29.94301 V 


V* 8,0 THETA= 53.5 CHI= 15.0 

N= 50 VI<AR= 8.01 XBAR= 14.18 S0V= .0567 SDX 
V = 8.01 + -.0153< X - 14.18) 


2.09V4 RH0= -.5671 
X = 14.18 > -20.9953( 0 - 


8.0 THETA= 53.5 CHI= 30.0 

N* 48 VBAR= 7.99 XPAR= 29.87 SH0= .0511 SDX 1.3051 RH0== .2148 

^ 7,99 + .0084( X - 29.87) X = 29.87 + 5.4849( ^ “ 


Vs 8.0 THETAS 53.5 CHI^ 45.0 

Ns 47 VUARs 7.99 XBAR= 44.72, SDVs .1092 SOX 
V = 7.99 + .0634< X ~ 44.72) 


1.2369 RHO== .7182 
X = 44.72 + 8.1386( 9 - 


V= 8.0 THETAS 53.5 CHI= 60.0 

N= 50 06AR= 7.99 XBAR= 59.8151.0= .0997 SOX 1.0996 RHO= .7160 

y = 7.99 + .06491 X - 59.81) X = 59.81 + 7.89491 0 - 


Vs 8.0 THETAS 53.5 CHI= 75.0 

Ns 46 V8ARS 7.94 XBAR= 74.57 SDO= .1496 SUX 
V s 7.94 + .1038( X - 74.57) 


1.1962 RHQs .8300 
X = 74.57 + 6. 6356 ( V - 


.9827 RHOs .8149 
X s 89.51 + 6.9095( 0 - 

V= 8.0 THETAS 53.5 CHI= 105.0 

Ns 50 Vl«ARs 7.95 XBARs 104.73 SDV= .0877 SOX 2.4009 RHQs .3065 

V = 7.95 + .0112< X - 104.73) X = 104.73 + 8.389K V - 

Vs 8.0 THETAS 53.5 CHI= 120.0 

Ns 50 VBARs 7.92 XBAR= 120.39 SDVs .0838 SDX 1.8640 RHQs -.4370 

V s 7.92 + -.0197< X - 120.39) X = 120.39 i -9.7159( V 


* Vs 0.0 THETAS 53.5 CHI= 90.0 

Ns 50 VBARs 7.92 XBAR® 89.51 SHOs .1159 SOX 
V s 7.92 + *0961< X - 89.51) 


V= B.O THETAS 53.5 CHI= 135.0 

Ns 50 OBARs 7.97 XBARs' 135.36 SDVs .0863 SOX 1.1007 RHO= -.3654 

y - 7,97 4 -.0287( X - 135.36) X s 135.36 + -4.6586( V 

V= 8.0 THETAS 53.5 CHI= 150.0 

Ns 50 VBARs 7.95 XBARs 150.58 SDO= .0830 SUX 1.2472 RHQs -.6978 

V s 7.95 + -.0464( X “ 150.58) X = 150.58 + -10.4839< V 


Vs 8.0 THETAS 53.5 CHI= 165.0 

N» 50 VBARs 7.95 XBARs 165.70 SHV= .0877 SOX 1.7184 RHOs -.7147 

V s 7.95 > -.0365< X - 165.70) X s 165.70 ♦ -14.0030< V 

_ 91 *^ _ 


7.97) 


8 . 01 ) 


7,99) 


7.99) 


7.99) 


7.94) 


7.92) 


7.95) 


7.92) 


7.97) 


7.95) 


7.95) 



TABLE 76 (CONT'D.) 


8.0 THETA= 53.5 CHI= 180.0 

N= 47 VBAR=‘ 8.02 XBAR= 180.29 SDV= .1271 SDX 4.8816 RHO= -.8686 

V = 8.02 + -’.0226C X - 180.29) X = 180.29 + -33.3648( 0 


8.0 THETA= 53.5 CHI= 195.0 

N= 27 VBAR=» 7.99 XBAR« 194.85 SDO® .0685 SDX 3.9953 RHO= -.7024 

y ^ 7^99 + -.0120< X - 194.85) X = 194.85 + -40.948K 0 - 


8.0 THETA= 53.5 CHI= 210.0 
N= 42 OPAR= 8.00 XBAR= 210.04 SDV= .0899 SDX 
V = 8.00 + .0115( X - 210.04) 


2.1623 RHO= .2774 
X = 210.04 + 6.6728< 0 - 


V= 8.0 THETA= 53.5 CHI= 225.0 

N= 45 VBAR= 8.03 XBAR= 225.48 SDV= .1075 SDX 
0 = 8.03 + .0350( X “ 225.48) 


2*2892 RHO= .7441 
X = 225.48 + 15.8386( V - 


8.0 THETA= 53.5 CHI= 240.0 
N= 48 OBAR= 8.03 XBAR= 240.64 SDV= .1154 SDX 
y = 8.03 + .0445< X - 240.64) 


2.0949 RHD= .8070 
X = 240.64 + 14.6430( V - 


V= 8.0 THETA= 53.5 CHI« 255.0 

N= 47 VBAR^ 8.02 XBAR= 255.24 SDV= .1129 SDX 
V = 8^02 + .0540( X - 255.24) 


1,7094 RHO= ,8174 
X = 255.24 + 12.3753( 0 - 


y= 8.0 THETA* 53.5 CHI* 270.0 

N* 50 VBAR* 7. 98 XBAR= 269.91 SDO* .1332 SDX 
\J ^ 7.98 + .0415( X - 269,91) 


2.4585 RHO* .7655 
X = 269.91 + 14.1242( V “ 


8.0 THETA* 53.5 CHI= 285.0 
N= 50 OBAR= 8.01 XDAR== 285.05 SDO= .0791 SDX 
y = . 8.01 + .0159( X - 285.05) 


2,5394 RHO= .5204 
X = 285.05 + 17. 0274 ( 0 ~ 


y= 8.0 fHETA* 53.5 CHI* 300.0 

N* 49 ypAR* 8.02 XDAR* 299.64 SDO= .1137 SDX 1.4936 RHO* -.4824 

y = 8.02 + -.0367( X - 299.64) X = 299.64 + -6.3341 ( 0 - 


y* 8.0 THETA* 53.5 CHI= 315.0 

N“ 50 yHAK* 0.01 XDAk= 314.87 SDO* .1291 SDX 1.2752 RHO* -.7611 

y = 8.01 + -.0770( X - 314.87) X = 314.87 > -7.5189( V - 


y-- 8.0 rULTA* 53.5 CHI* 330.0 

N* 50 VBAR* 8.02 XDAR- 329. 85 SDV* .0856 SDX 
V * 8.02^ >.071 4 < X - 329.85) 


.8965 RHO* - .7478 
X * 329.85 + -7.8321 ( 0 - 


\J- 8.0 THETA* 53.5 CHI* 345.0 

N= 50 yPAR* 7.97 XDAR* 345.43 SDV* .1040 SDX 
g = 7,97 > -,0486( X - 34V.. 43) 


1 ,6394 RHO= -.7661 
X * 345.43 + ~12.0710( V 


8 . 02 ) 


7.99) 


8 * 00 ) 


8.03) 


8.03) 


8 . 02 ) 


7.98) 


8 . 01 ) 


8 . 02 ) 


B.Ol ) 


8 . 02 ) 


7.97) 
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TABLE 77 


V = 12, e = 53.5, 5 CELLS 


.5 Ct'LL 

I'j.o nn:r.'^:= i:ru = ,o 

N= 50 VHAK-- 11.91 •• . I j -;uO 

o tl.91 f -.ou:8( ;( . • 

0= 12.0 THb;rA= 53.5 CHI- 15.0 

N= 50 OHAK-- 11.9/ XHAK= IA,S6 SDO 
I 0-11.9/1 -.0209( X - 

V- 12.0 THCTA- 53.5 CHI- 30.0 

I N- 50 VHAR- 11.96 XHAK'= 20.60 SUV- .1097 SUX 1.6055 RHO- -.2259 

0 = 11.96 1 -•.0154( X - 29.68) X - 29.68 + -3. 3075 < 0 - 11.96) 

0= 12.0 THETA- 53.5 CHI- 45.0 

N- 50 VBAR- 11.97 X8AR- 44.64 SUV- .1631 SdX 1.7293 RHO^ .2854 

V = 11.97 > .0269f X -• 44.64) X - 44.64 4 3. 0252 ( 0 - 11.9/) 

0= 12.0 THETA- 53.5 CHI- 60.0 

N- 49 VdAR- 11.95 XPAR- 59.61 SUV-. .2628 SUX 2.3437 RHG- .6883 

V - 11.95 f .0772< X " 59.61) X - 59.61 i 6.13V0( V - 11.95) 

V- 12.0 THETA- 53.5 CHT=^ 75.0 

N- 45 VUAR- 11.92 XUAR- 74.52 SUV- .2354 SUX 2.1448 RHO- .8216 

V = 11.92 + .10931 X - 74.52) X - 74.52 + 6.1753< V - 11.92) 

V- 12.0 THETA- 53.5 CHI- 90.0 

N= 50 VUAR- 11.87 XUAR- 89.69 SUV- .2333 SUX 2.1818 RHO- .7945 

V = 11.87 + .0D50( X - 89.69) X - 89.69 4 7. 4289 < V - 11.87) 

V- 12.0 THETA- 53.5 CHI- 105.0 

N- 50 VBAR- 11.84 XUAR- 104.49 SUV- .1526 SUX 3.5393 RHO- .3567 

V - 11.84 + .0154( X - 104.49) X - 104.49 4 8. 2730 < V - 11.34) 

V- 12.0 THETA- 53.5 CHI- 120.0 

N- 48 VUAR- 11.95 XUAR- 119.77 SUV- .1871 3UX 2.5601 RHO- -.-1443 

V = 11.95 f -.0325( X - 119.77) X - 119.77 4 -6. 0773 ( V - 11.95) 

V- 12.0 THETA- 53.5 CHI- 135.0 

N= 50 VUAR- 11.85 XUAR- 135.82 SUV- .1591 SUX .1.9775 RI10= -.3966 

V - 11.85 4 -.0il9( X - 135.82) X - 135.82 4 -4, 9275 < V - 11.85) 

V- 12.0 THETA- 53.5 CHI- 150.0 

49 VUAR- 11.92 XUAR- 150.53 SUV- .1552 SUX 1.9130 RHO- -.4620 

V = 11.92 4 -.0375( X - 150.53) X = 150.53 ♦ -5. 6936 < V - 11.92) 

V- 12.0 THETA- 53.5 CHI- 165.0 

N= 50 VUAR- 11.97 XUAR- 166.11 SUV- .2829 SUX 0.0898 RHO- -.7160 

V - 11.97 4 -.0250< X-166.uk X - 166.11 f - 20. 4 738 ( V - 11.97) 


.1325 SUX 3.o5J I RHU= -.5/61 
14.86) X 14. U6 I • L 5 .8 /67 ( V • 1 1 . 9 / > 
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5 TABLE 77 (CONI' D.) 

t 

V= 12.0 THETA= 53. CHI= 180.0 

N= 45 11.94 XltAK = lUO.^^') ?:U0^ .2408 SI»X A.401'1 K*Hl)= - . A76A 

0 := 11.94 + -.0254( X - 180.36) X = 180.36 + -17.9919( O > 11.94) 

V= 12.0 THETA- 53.5 CHI='= 195.0 

N= 47 12.02 XBAR= 192.31 .2282 SDX 6.3220 RHO- -.6583 

0 = 12.02 + -.0238< X - 192.31) X - 192.31 + -18.2359< 0 - 12.02) 

0= 12.0 THETA= 53.5 CHl^ 210.0 

N= 45 OBAR= 11.98 XUAFc=^ 210.03 SnO= .1365 SUX 2.4286 RHO= .1568 

V = 11.98 + .0088( X - 210.03) X = 210.03 + 2.7895< 0 - 11.98) 

0= 12.0 THETA= 53.5 CHI= 225.0 

N= 46 OBAR^ 11.96 Xt«AR:== 224.67 8IiO-- .1621 8DX 2.9148 RH8= .6009 

0 = 11.96 + .0334( X ■■ 224.67). X = 224.67 + 10.8062C V - 11.96) 

0= 12.0 THETA'-= 53.5 CHI-: 240.0 

N= 4? VBAR= 11.99 XBAR-- 239.57 SEiO=: ,2037 SOX 2.7341 RHO=^ .7549 

V = 11.99 f .0563( X - 239.57) X 239.57 + 10.1308( 0 - 11.99) 

12.0 1HETA= 53.5 CHI- 255.0 

N= 44 VBAR- 11.98 XBAR= 254,77 SBO= .2439 SBX 3.3010 RHO= .7843 

0 = 11.98 4 .05S0< X - 254,77) X - 254.77 + 10. 6137 ( V - 11,98) 

12.0 THETA- 53.5 CHI= 270.0 

N= 40 OBAR- 12.02 XBAR- 270.26 SUV- .2136 SUX 3.4233 KHO- .7934 

y = 12.02 1 .0495< X - 270.26) X 270.26 i 12,7157< 0 - 12.02) 

y^ 12.0 THETA== 53,5 CHI- 285.0 

46 OBAFCv J1.9V XBAF-T'^ 285,10 ,1481 SBX 2.9410 RHO=^ ,038V 

y 11.97 I ,002(;( X 28li.lO) X 285.10 ! .7 7;:0< '2 - 11.97) 

y- 12.0 THETA- 53.5 cm-* 300.0 

N- 48 OBAR 11. vv 300.40 SUO- .2248 SBX 2.3iM3 .7418 

I y =. 11,99 1 .0699( X • ., 00 .T<‘) X - 300.40 I -7. 8676 ( O •• 11.99) 

12.0 1 1 IE I A- 53.'.. nil - 3r;j.o 

ti- '..O VBAR- 12.03 XBOiO 314.78 SHO' .2665 SBX 2.J61-4 kHii 

y 12.03 1 > ' ;M'1./8) X •- 314.78 

V ■ 1 2 lll[ In r.,5.5 rm 330. o 

*i VMi'iL M .yfi : «inl- 32’-‘.'-'0 Mf .1826 M«>. 1,8 '’08 18 IH - .-*.V02 

y •• . 3 2 V. VO ^ ■ 7.071 J< " 1 ,t . s 8 ? 


-.7430 

-6.0375( y - j:>.03) 


1 I M! I ,% 5 I . I n I 

fJ ■ '.'BhJ- M- M 34.'. -'7. M»’* ,2.'.24 *.l«* . 3 - ' S |8;:i ’ . 118 


1 1 . V.' 
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TABLE 78 


V = 12, 0 = 53.5, 25 CELLS 


CELL 


V= 12.0 THETA= 53. S CHI^ .0 

50 0BAR= H.9& XHAR- 1.59 SDV= .0802 SDX 3. 5365 KH0= -.7488 

V = 11.96 + -.<)170( X - . 1.59) X - 1.59 1 -33.0163( 0 - 11.96) 


V» 12.0 THETA=* 53.5 CHI= 15.0 

N= 50 VBAR= 11.99 XBAK= 14.84 SDO- .0610 SDX 1.6415 RHO= -.5049 

V =■ 11.99 + -.0188< X - 14.84) X = 14.84 + -13.5762( 0 - 11.99) 


V* 12.0 THETA= 53.5 CHI= 30.0 

N= 50 VBAR- 11.99 XBAR= 29.99 SDV= .0643 SDX .7176 RHO= -.2400 

V = 11.99 + -.0215( X - 29.99) X = 29.99 + -2.6765< 0 - 11.99) 

.8981 RHO- .4677 

X = 44.56 + 4.4208( 0 - 12.00) 


0= 12.0 THETA= 53.5 CHI= 45.0 

N= 50 VBAR= 12.00 XBAK= 44.56 SDO^ .0950 SDX 
0 = 12.00 + .0495< X - 44.56) 


12.0 THETA= 53.5 CHI= 60.0 

N> 50 yBAR= 11.99 XBAR= 59.82 StiV= .1002 SDX .9208 RHO= .6347 

V= 11.99+ .067K X - 59.82) X= 59.82 + 5.8341(0- 11.99) 


0= 12.0 THETA= 53.5 CHI= 75.0 

N= 50 OBAR= 11.95 XBAR= 74.74 SDO= .1286 SDX .9963 RHO- .847j 

y = 11.95 + .1094< X - 74.74) X = 74.74 + 6.5669( 0 - 11.95) 


y= 12.0 THETA= 53.5 CHI= 90.0 

N= 50 VBAR= 11.93 XBAR= 89.73 SDy= .0679 SDX 
y = 11.93 + .0627< X - 89.73) 


.6657 RHO= .6146 
X = 89.73 + 6.0259< y - 11.93) 


y= 12.0 TH£TA= 53.5 CHI= 105.0 

N= 50 yBAR= 11.98 XBAR= 105.02 SDy= .0840 SDX 1.6465 RHO= .2937 

y = 11.98 + .0150( X - 105.02) X = 105.02 + 5.7542< y - 11.98) 


ya 12.0 THETA= 53.5 CHI= 120.0 

N= 50 yBAR= 11.93 XBAR= 120.18 SDy= .0649 SDX 1.2405 RHC)= -.5169 

y = 11.93 + -.0270( X - 120.18) X = 120.18 + -9.8772( V - 11.93) 


y= 12.0 THETA=» 53.5 CHI= 135.0 

N= 50 VBAR= 11.98 XBAR= 135.16 SDO= .0704 SDX .8158 RHO- -.5815 

V » 11.98 + -.0502< X - 135.16) X = 135.16 + -6.7416( y “ 11.98) 


y= 12.0 THETA= 53.5 CHI= 150.0 

N= 50 yBAR= 11.96 XBAR= 150,22 SDV= .0728 SDX .7502 RHO= -.2422 

y a 11.96 + -.0235( X - 150.22) X = 150.22 + -2.4964< y - 11.96) 


y* 12.0 THETA= 53.5 CHI^ 165.0 

N« 50 VBARa 12.00 XBARa 164.93 SDO* .0737 SDX 1.1233 RHO^ -.6524 

y a 12.00 + -.0428< X - 164.93) X a 164.93 + -9.9492( V - 12.00) 


0 1-7 



TABLE 78 (CONT'D.) 


12.0 THETA= 53.5 CHI= 180.0 

N* 50 VBAR=' 12.02 XBAR= 180.17 SDV= .1376 SOX 4.0876 RHO= -.8206 

0 « 12.02 + -.0276< X - 180.17) X = 180.17 + -24.3712( V - 12.02) 

12.0 THETA= 53.5 CHI= 195.0 
50 VBAR= 12.02 XBAR= 194.56 SDV= .0625 SDX 

V = 12.02 + -«0144( X - 194.56) 

0= 12.0 THETA= 53.5 CHI= 210.0 

49 VBAR= 12.00 XBAR= 209.99 SIiV= .0783 SDX 1.2924 RHO= .0116 

V = 12.00 + .0007( X - 209.99) X = 209.99 + .1916< 0 “ 12.00) 

0= 12.0 THETA= 53.5 CHI= 225.0 

N= 50 VBAR= 12.00 XBAR= 225.15 SIiO= .0695 SOX .9637 RHO= .5867 

0 = 12.00 + .0423< X - 225.15) X = 225.15 + 8.1355< 0 - 12.00) 

0= 12.0 THETA= 53.5 CHI= 240.0 

N=. 50 VBAR= 12.01 XHAR= 240.15 SDV= .0915 SOX 
0 = 12.01 + .0545( X - 240.15) 

V= 12.0 THETA= 53.5 CHI= 255.0 

N= 50 OBAR= 12.02 XBAR= 254.95 SDV= .1103 SDX 

V = 12.02 + .0626( X - 254.95) 

0= 12.0 THETA= 53.5 CHI= 270.0 

N= 50 VBAR= 11.99 XBAR= 269.61 GDO= .1115 SDX 1.5401 RHO== .6922 

0 = 11.99 + .050K X - 269.61) X = 269.61 + 9.5607< 0 - 11.99) 

0= 12.0 THETA= 53.5 CHI= 285.0 

N= 50 VBAR= 12.00 XBAR= 285.18 SDO= .0826 SDX 1.4169 RMO=^ .2290 

V = 12.00 + .0133( X - 285.18) X = 285.18 + 3.929K V - 12.00) 

12.0 THE1A== 53.5 CHI== 300.0 

50 OBAR= 12.00 XDAR= 300.13 GDO= .1150 SDX 1.2191 RHO= -.7933 

V = 12.00 + -.0748( X - 300.13) X = 300.13 + -e.4131( V 

12.0 THE1A= 53.5 CH1= 315.0 

N= 50 OBAK= 12.00 XDAR- 314.85 SDO=-- .0918 SDX .9110 RHO^ -.7430 

0 - 12.00 + -.074B< X - 314.85) X * 314,85 4 -7. 3771 < 0 

0= 12.0 IIILTA- 53.5 CH1= 330.0 

50 VBAK- 12.02 XDAR- 330.03 GDO= .0811 SDX .8216 RHO= -.6308 

O = 12.02 + -.0623( X - 330.03) X = 330.03 + -6.3893( V - 12.02) 

V--- 12.0 THETA= 53.5 CHI- 345,0 

N= 50 VBAR=^ 11,98 XBAk= 345.09 SDO- .0993 SDX 1.3186 RHU= -.7512 

V = 11,98 + ~.0566( X • 345.09) X ^ 345.09 + -9. 9 760 ( 0 - 11.98) 

- 218 - 



.9592 RHO= .5715 
X = 240.15 + 5.9904( 0 - 12.01) 

1.3081 RHO= .7426 
X - 254.95 + 8. 8028 ( 0 - 12,02) 


2.2337 RHO= -.5155 
X = 194.56 + -18.4258( V - 12.02) 



TABLE 79 


V = 24, 0 = 53.5, 5 CELLS 


5 CELL 


24*0 THETA^ 53.5 CHI= .0 
N* 50 0BAR» 23.95 XBAR= .19 SDV*= 
V = 23.95 + -.015K X - 


.1630 StiX 
,19) 


5.6541 RHO:^ -.52313 
X = .19 + -ia.l656( 0 


23.95) 


24.0 THETA= 53.5 CHI= 15,0. 

N» 50 VBAR= 23.99 XBAR= 13.36 SIi9= .2144 SDX 7.8677 RHU = -.7593 

V = 23.99 + -.0207< X - 13.36) X = 13.36 f -27.8635( 9 - 23.99) 


V:= 24.0 THETA= 53.5 CHI= 30.0 

N= 50 VBAR= 23.92 XBAR- 30.57 .2119 SDX 1.9000 RHO= -.5150 

V = 23.92 + -.0574< X - 30.57) X = 30.57 + -4.6179( 0 - 23.92) 


V= 24.0 THETA= 53.5 CHI= 45,0 
N= 50 VBAR= 24.02 XBAR= 45.00 SDO= 


.2008 SDX 1.8331 RHO- ,0791 


0 = 24.02 + 


.0087( X - 45.00) 


y := 45.00 + 


•7010/ u 


n A m 1 


V= 24.0 THETA= 53.5 CHI= 60.0 

N~ 50 VBAR= 24.05 XBAR= 60.20 SDO= .3350 SDX 
V = 24.05 + .0806( X - 60.20) 


2.6927 RHQ= .6481 
X = 60.20 + 5.2100< V 


24.05) 


V= 24.0 THETA= 53,5 CHI= 75.0 

N=> 50 OBAR= 23.97 XBAR= 75.11 SDV= .3572 SDX 
0 = 23.97 + .1288< X - 75.11) 


1.9605 RHO= .7069 
X 75.11 + 3.8B00< 0 


23.97) 


V= 24.0 THETA= 53.5 CHI= 90.0 

N= 50 VBAR= 23.85 XBAR= 89.46 SDO= .2025 SDX 
V = 23.85 + ,0637( X - 89.46) 


1.7462 RHO^^' ,5498 
X - 89.46 + 4,7413( V- 23.85) 


24.0 THETA=. 53.5 CHI« 105.0 

N» 50 VBAR= 23.83 XDAR= 105.01 SDV= .1331 SDX 2.3614 RHO- -.1974 

V = 23.83 -f -.OllK X - 105.01) X = 105.01 + -3.5019( V - 23.83) 


24.0 THETA= 53.5 CHI= 120.0 

N= 50 VBAR= 23.95 XBAR= 119.45 SDV;= .2140 SDX 2.4746 RHO= -.5369 

V = 23.95 + -.0464< X - 119.45) X = 119.45 + -6.208K 0 - 23.95) 


24.0 7HETA= 53,5 CHI= 135.0 
N= 50 VBAR=» 23.92 XBAR= 134.71 SDO= .1766 SDX 
V = 23.92 + -,0561( X - 134.71) 

Oa 24.0 THETA= 53.5 CHI= 150.0 

N» 50 VBAR* 23.84 XBAR= 150.54 SDV= .1678 SDX 
0 - 23.84 + -,0240< X - 150.54) 

- 219 - 


1.5722 RHQ= -.4994 
X = 134.71 + -4,4458( V - 23,92) 

1.1493 RHO^ -.1641 
X = 150.54 + -1.1240( V - 23.84) 



TABLt 79 (CONi'*D.j 


V» 24.0 THETA® 53.5 CHI® 165.0 

N« 50 VBAk= 24.05 X&AR® 165.35 SHV= .2044 SDX 
V = 24.05 + “.0355( X - 165.35) 


1.7018 RH0» -.3096 
X ® 165.35 + -I.I994( V - 24.05) 


24.0 THETA® 53.5 CHI® 180.0 
50 0BAR= 23.92 XBAR® 181.65 SDV= 

V = 23.92 + -.0255< X - 181 

24.0 THETA® 53.5 CHI® 195.0 
50 VBAR® 24.03 XBAR= 194.33 SBV= 

V e 24.03 + -.0232< X - 194, 

: 24.0 THETA® 53.5 CHI® 210.0 

> 50 OBAR® 23.91 XBAR® 209.92 SUO® 

V = 23.91 + .0025< X - 209 

= 24.0 THETA®, 53.5 CHI® 225.0 

= 50 VBAR® 23.99 XBAR® 225.02 SBO® 

V = 23.99 + .0239( X - 225. 

= 24.0 THETA® 53.5 CHI® 240.0 

= 50IVBAR® 24.01 XBAR® 240.21 SBV® 

0 = 24.01 + .0510( X - 240 

= 24.0 THETA® 53.5 CHI® 255.0 

= 21 VBAR® 23.93 XBAR® 253.50 SBV® 

V = 23.93 + .1034( X ~ 253. 

= 24.0 THEITA® 53.5 CHI® 270.0 

1^ 39 VBAR® 23.98 XBAR® 269.42 SBV® 

V = 23.98 + .03S3( X - 269 

24.0 THEIA® 53.5 CHI® 285.0 
*= 23 VBAR® 23.97 XBAR® 285.8/ SBV® 

V = 23.97 f .0045( X - 285 


.2305 SBX 
65) 

,2120 SBX 
,33) 


.1845 SBX 
92) 

.1492 SBX 

. 02 ) 

.1930 SBX 
21) 

.3669 SBX 
.50) 

.2227 SBX 
42) 


.1894 SBX 
.87) 


5.6246 RHO® -.6216 
X = 181.65 + -15.1672I V - 

4.B613 RHO® -.5321 
X = 194.33 + -12.2025( V - 


23.92) 


24.03) 


2.1114 RHO®. .0285 
X = 209.92 + .3259< V - 23.91) 


1.7532 RHO® .2811 
X = 225.02 + 3 . 3039 ( V - 23.99) 


1.8293IRH0® .4338 

X ® 240.21 + 4.5858( V — 24.01) 


3.0006 RHO® .8457 
X ® 253.50 + 6.916K V - 23.93) 


3.3092 RHO® .5248 

X ® 269.42 + 7.8000( V - 23.98) 


2.7396 RHO® .0648 
X = 205.87 + .9370< V - 23.97) 


V® 24.0 THETA® 53.5 CHI- 300.0 

N= 50 VBAR® 24.01 XBAR® 299.96 SBV® .1872 SBX 
\J = 24.01 + -.0502< X - 299.96) 

V® 24.0 THETA® 53.5 CHI® 315.0 

N= 50 VBAR® 24.01 XBAR® 315,10 SBV® .2409 SBX 
V = 24.01 4- - . 0800( X ■' 315.10) 

V= 24.0 THETA® 53.5 CHI® 330.0 

50 VBAR® 24.04 XBAR® 330.23 SBV= .1003 SBX 

U ® 24.04 + -.0240( X ~ 330.23) 


1,7011 RHO® -.4566 

X = 299.96 + -4,1488( V - 24.01) 

1.6394 RHO® -.5442 
X ® 315.10 > -3.7032( V - 24.01) 

1.4374 RHO® -.1970 
X ® 330.23 4 -1.5772< V - 24.04) 


Vrr 24,0 THETA® 53.5 CHI® 345.0 
N® 50 VBAR® 23.90 XBAR® 347.42 SBV® 


,2790 SBX 9.6407 RHC):= - .6426 


23.98 4> -.0186( X - 347.42) 


= 347.42 + -22.205K V - 23.98) 
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TABLE 80 V = 24, 0 = 53.5, 25 CELLS 


2S CELL 


24.0 THETA= 53.5 CM1=. .0 

N= 50 VKAR« 23. V5 XBAK= .82 SH0= ' .0971 SUX 

V = 23.95 + -.0167< X - .U2) 


3.9354 RHO^ -.6751 
X = .82 + -2/.3A28t V 


0= 24.0 THETA= 53.5 CHI= 15.0 

N= 50 VBAR= 23.97 XBAR^ 15.14 SHO-= .0735 SUX 

V ■= 23.97 + -.032A( X - 15.14) 

24.0 THETA= 53.5 CHI* 30.0 
50 OBAR* 23.96 XBAR* 30.07 SDO* .0665 SDX 

V = 23.96 + -.0426( X - 30.07) 

V= 24.0 THETA= 53.5 CHI= 45.0 

N* 50 VBArc* ' 24.00 XBAR= 44.95 SBV= .1487 SDX 
0 = 24.00 + .0253< X - 44.95) 

0= 24.0 THETA* 53.5 CHI= 60.0 

N* 50 OBAR= 24.00 XBAR* 59.92 SDO= .1432 SDX 

0 = 24.00 + .1050( X - 59.92) 

0* 24.0 THETA* 53.5 CHI* 75.0 

N* 50 OBAR* 24.00 XBAR* 75.09 SDO* .1565 SDX 

V = 24.00 + .1103(. X - 75.09) 

0= 24.0 THETA* S3. 5 CHI* 90.0 

N* 50 VBAR* 23.93 XBAR* 89.89 SDO= .1120 SDX 

V = 23.93 + .0789< X - 89.89) 

V* 24.0 THETA* 53.5 CHI* 105.0 

N* 50 VBAR* 23.95 XBAR* 105.02 SDM* .0790 SDX 
0 * 23.95 + -.0058( X - 105.02) 

V* 24.0 THETA* 53.5 CHI* 120.0 

N= 50 VBAR* 23.94 XBAR* 119.81 SDV* .1067 SDX 

V * 23.94 + -.0508< X - 119.81) 

V* 24.0 THETA* 53.5 CHI* 135.0 

N= 50 VBAR* 23.96 XBAR* 135.27 SDV* .0855 SDX 

V * 23.96 + -.0230< X - 135.27) 

V* 24.0 THETA* 53.5 CHI* 150.0 

N* 50 VBAR* 23.97 XBAR* 150.19 SDV* .0840 SDX 

V * 23.97 + -.0345( X - 150.19) 

V* 24.0 THETA* 53.5 CHI* 165.0 

N* 50 VBAR* 23.98 XBAR* 164.86 SDV* .0957 SDX 

V * 23.98 ♦ -.0633( X - 164.86) 

- 991 - 


1.0911 RHO* -.4840 
X * 15.14 + -7.189K V 


.6404 RHO* -.4095 
X = 30.07 + -3.9405< V 

1.1969 RHO* .2036 
X * 44.95 I- 1.6389( V 


1,0696 RHO* .7840 
X = 59.92 + 5.8544( V 

.9887 RHO* .6964 
X * 75.09 + 4.3985( V 

.8448 RHO* ,5949 
X = 89.89 -I- 4.4854( V 


1.1620 RHO* -.0857 
X * 105.02 + -1.2604( V 

1.5034 RHO* -.7158 
X * 119.81 + -10.0867< V 


.6431 RHO* -.1733 
X = 135.27 + -1.303K V 

.5662 RHO* -.2325 
X = 150.19 + -1 ,567V( V 


,5772 RHO* -.3820 
X = 164.86 + -2.3040( V 


23.95) 


23.97) 


23.96) 


24.00) 


24.00) 


24.00) 


- 23.93) 


- 23.95) 


^ 23,94) 


- 23.96) 


- 23.97) 


- 23.98) 



TABLE 80 (CONT’D.) 


Vs 24.0 THETAS 53.5 CHls 180.0 

Ns 50 VBARs 24.03 X 8 AR= 180.08 SnV= .1283 SOX 2.7121 RH0= -.7130 

V » 24.03 + -.0337( X - 180.08) X s 180.08 + -15.0679( V - 24.03) 

Vs 24.0 THETAS 53.5 CHIs 195.0 

Ns 50 VBARs 23.99 XBARs 194.87 StiV= .0874 SDX 1.2975 RH0= -.2868 

V s 23.99 + -.0193< X - 194.87) X = 194.87 + -4.2554< V - 23.99) 

Vs 24.0 THETAs 53.5 CHI* 210.0 

Ns 50 VBARs 23.99 XBARs 210.00 SUV* .0888 SDX .9131 RHQs .0554 

V s 23.99 + ,0054( X - 210.00) X s 210.00 + .5693( V - 23.99) 

Vs 24.0 THETAs 53,5 CHI= 225.0 . 

Ns 50 VBARs 24.01 XBARs 224.85 SDV= .0792 SDX .9585 RH0= .4550 

V s 24.01 + ' .0376( X - 224.85) X = 224.85 + 5.5078< V - 24.01) 

Vs 24.0 THETAs 53.5 CHI= 240.0 

N= 50 VBARs 24.03 XBARs 240.07 SDV= .1027 SDX .8337 RHQs .5304 

V = 24.03 + .0653( X - 240.07) X = 240.07 + 4.3077< V - 24.03) 

Vs 24.0 THETAs 53.5 CHI= 255.0 

N= 48 VBARs 24.00 XBARs 255.22 SDV= .1084 SDX 1.1968 RHOs .8381 

V s 24.00 + .0759( X - 255.22) X = 255.22 + 9.2537( V - 24.00) 

V= 24.0 THETAs 53,5 CHIs 270.0 

N= 50 VBARs 24.00 XBAR= 269.54 SDVs .1045 SDX .9817 RHQs .4446 

V = 24.00 + .0473< X - 269.54) X = 269.54 + 4.1752( V - 24.00) 

Vs 24.0 THETAs 53.5 CHI* 285.0 

N= 50 VBARs 23.99 XBARs 285.23 SDVs .0800 SDX 1.0280 RH0= -.1187 

V = 23.99 T -.0092( X - 285.23) X s 285.23 i -1.5256< V - 23.99) 

Vs 24.0 THETAs 53.5 CHI= 300.0 

Ns 50 VBARs 24.03 XBARs 299.94 SDVs .1044 SDX .9785 RMO^ -.6047 

Vs 24.03 > -.0645( X - 299.94) X s 299.94 f -5. 6652 ( V - 24.03) 

V= 24.0 IHETAs 53.5 CHI= 315.0 

Ns SO VBARs 23.99 XBAFc= 315.09 SDVs .1033 SDX .7961* RHQs -.5236 

V = 23.99 + -.0679< X - 315.09) X s 315.09 + -4.0366( V ~ 23.99) 

Vs 24.0 THETAs 53.5 CHIs 330.0 

Ns 50 VBARs 23.99 XBARs 329.99 SDV« .0998 SDX .6837 RH0= -.3583 

Vs 23.99 4 -.0523< X - 329.99) X = 329.99 4 -2. 4537 < V - 23.99) 

Vs 24.0 IHETAs 53,5 CHIs 345.0 

N= 50 VBARs 23.99 XBAR= 345.11 SDVs .0750 SDX , .9394 RHQs -.2317 

V s 23.99 4 -.0185< X - 345.11) X s 345.11 4 -2.9028( V - 23.99) 
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Figures 12, 13, and 14 show graphs of the correlation coefficients 
as a function of aspect angle for 1 cell averages and the four different 
wind speeds at 2 ^, 30° and 47° incidence angles. The small sample 
size of 50 values introduces considerable scatter. The pattern of 
the correlation coefficients is consistent throughout the entire set of 
tables and these three figures are representative examples. 

An error of 5° in the synoptic scale wind (say the true wind is 
from 0° and the SCATT gives 5°) is equivalent to a vector speed error 
in the component at right angles of 2 m/s at 24 m/s and to an error 
of 1 m/s at 12 m/s. Such vector errors dominate the error structure 
of the simulations compared to the standard deviations of the wind speeds 
given in these tables. 

An error in wind direction can affect numerical wea.ther prediction 
models in the same way as errors in speed. The numerical models use the 
east-west and north-south conq^onents of the wind. A 10 m/s wind re- 
ported to be from due north that was actually from 355°, would have 
an error of 0.9 m/s in the east-west component. If it were actually 
from 350° the error would be 1.7 m/s. 

The biases in the wind direction and the standard deviations of 
wind direction errors dominate the corresponding values for speed. 

They are also strongly aspect angle dependent. A wind direction error 
propagates via the high correlation coefficients into a systematic 
wind speed error. 

* 

Figures 15 through 19 are graphs as a fimction of aspect angle 
of the bias plus and minus one standard deviation as graphed from the 
data given in Table 53 through 80. Figure 15 is for an incidence 
angle of 29°, 16 is for 39°, 17 is for 39° with the 0.7 db added 
error, 18 is for 47°, and 19 is for 53.5°. 

Viewed as a set, all 5 figures showing 16 different conditions, 
have very similar patterns. Direction errors are largest for light 
winds, and largest near 0°, 90°, 180° and 270°. The bias changes 

* 

i.e. wind direction relative to beam 1. 
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0® 90® 180® 270® X 

FIG. 12 CORRELATION BETWEEN SPEED AND DIRECTION ERRORS FOR A 29° INCIDENCE ANGLE FOR WINDS OF 4, 8, 12 AND 
24 M/S AS A FUNCTION OF ASPECT ANGLE (1 CELL VALUES) . 



y 90® 180® 270® X 

FIG. 13 CORRELATION BETWEEN SPEED AND DIRECTION ERRORS FOR A 39° INCIDENCE ANGLE FOR WINDS OF 4, 8, 12 AND 
24 M/S AS A FUNCTION OF ASPECT ANGLE (1 CELL VALUES) 
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FIG. 14 CORRELATION BETWEEN SPEED AND DIRECTION ERROR FOR A 47 INCIDENCE ANGLE FOR WINDS OF 4, 8, 12 AND 
24 M/S AS A FUNCTION OF ASPECT ANGLE (1 CELL AVERAGES) 


Degrees 



FIG. 15 BIAS PLUS AND MINUS ONE STANDARD DEVIATION (1 CELL) 



01 - 
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FIG. 18A BIAS PLUS A1 




FIG. 19 BIAS PLUS AND MINUS ONE STANDARD DEVIATION 


sign as the aspect angle varies through 0°, 90°, 180° and 270°. 

The errors are largest near 270°. The errors increase with in- 
creasing incidence angle. Even 5 cell averages at 53'.5° hardly 
produce acceptable results. 

This set of, graphs is a representative subset of the entire 
data set. To show this. Table 81 gives the maximum values for 
the bias of both speed and direction, for the standard deviations 
of both speed and direction and for the correlation coefficients 
as extracted from Tables 53 through 80. 

The addition of the new antenna and the measurements at 20° 
relative to beam 1 for the right side of the spacecraft looking 
forward can successfully eliminate aliases by means of either the 
objective criteria technique or the likelihood function. However, 
the attempt to obtain higher resolution, at least at a nominally 
10 km by 10 km cell, appears to have increased the effects of 
communication noise and attitude errors to such an extent that 
the errors in the estimates of the vector winds may be prohibitively 
large . 

The 0.7 db added error was Monte Carloed in the following 
way. The theoretical backscatter value for a given measurement 
was found in db. A value of 0.7 db was added to it. Then the anti 
logs of both the theoretical backscatter and this increased value were 
found. The differences yielded a standard deviation, SD (0.7). The 
Monte Carloed value of the backscatter for a given simulation was 
then computed from 


■'o 

a 


o° + t 


I |~VAR a 


° + (SD(0.7))^ 


( 68 ) 
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in antilog form. This is one way to attempt to account for some of 
the other unknown effects on the model. There are probably better 
ways. 

The beam directions as described on page 48 make these results 
applicable to both sides of the spacecraft. Errors seem to be con- 
sistently larger near 180° and 270°. 
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SUMMARY TABLES FOR THE TWO METHODS 


Tables 82, 83, 84, 85 and 86 summarize some of the alias 
removal statistics for the two methods. Each method does what it 
does quite well, but what is done is different. 

Table 82 is for an incidence angle of 29°. The first two 
rows of numbers are for 4 m/s, one cell, and the objective and 
MLE method. For these conditions, the objective method selected 
126 unique solutions (classes 1, 4, 5, 8) of which 113 (or 90%) 
were correct. For these same 126 ccmditions, the MLE selected 
117 unique maxima (or 93%) which were correct. 

There were 248 class 2 selections. The first choice for 
the objective method was correct 207 times, and the second choice 
was correct 33 times. Neither was correct 10 times. The MLE 
selected 202 correct choices (81%). 

The objective method selected 2. wind vectors 120 times 
without any priority. One or the other was always correct. The 
MLE method was able to select 105 correct unique winds from the 
120 cases. 

Class 7 occurred 102 times and one of the three winds in 
each class 7 case was always correct. The MLE selected 91 correct 
unique winds from these 102 cases. 

Class 3 occurred 604 times, and one of the four winds was 
always within 45° of the correct wind. The MLE selected 484 
unique correct winds from this set. Other parts of these tables 
show that this does not always occur. 

For the 1200 simulations, the objective classifications 
were correct 1177 times of which 353 specified a nearly unique 
wind. Two winds were given 121 times, 3 were given 102 times 
and all four, 604 times. The MLE gave .a correct unique wind 
based on the single greatest maximum in the V-y plane 999 times. 
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TABLE 82 SUMMARY OF RESULTS FOR AN INCIDENCE ANGLE OF 29 

(ONE CELL AVERAGES EXCEPT 4* WHICH IS AN AVERAGE OF 5 CELLS) 
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The next rows give similar results for 8, 12 and 24 m/s 
and then sums over all speeds for 1 cell averages. Unique cases 
increase with increasing wind speed. Class 3 cases decrease with 
increasing wind speed. The sums are self explanatory. 

The row labled "cumulative % of total" shows that the objec- 
tive method would give about 20% unique wind vectors over a wind 
field varying from 4 to 24 m/s at a 29° incidence angle. Another 
32.7% for a total of 52.7% would be essentially unique. Another 
6% would consist of two vectors. One of which might be chosen 
from other principles. About 37.5% of the vector field would be 
given by four vectors. 

The last row is for 5 cell averages at 4 m/s. Unique and class 2 
results increase. Class 3 results decrease. The MLE does much 
better. 

Table 83 is for 39°. Comparisons versus wind speed and with 
the other tables are what would be expected. The ± 0.7 db addi- 
tional random error at 8 and 12 m/s more than halves the unique 
solutions and greatly reduces the class 2 situations. Class 3 solu- 
ions are increased about 50%. 

Table 84 is for 47°. It provides the opportimity to compare 
5 cell averages with 1 cell averages for 4, 8 and 12 m/s. About 
85% are correctly classified for 1 cell data and 92% for 5 cell 
data by the objective methods. The MLE gets 82% correct and 93% 
correct respectively. 

Table 85 is for 53.5° for 5 cell and 25 cell averages and 
can be interpreted in the same way. 

The final table in this section (Table 86) shows the total 
number of 1st choice MLE decisions that were correct for the condi- 
tions of the numerical experiment. 

From these tables in terms of the objective method, there are 
about 23 unique solutions out of each 100, two or three of which 
are wrong. There are another 27 class 2 solutions, three of which 
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TABLE 86. SUMMARY OF CORRECT MAXIMUM LIKELIHOOD SOLUTIONS (FIRST VALUE IS TOTAL CORRECT OUT OF 1200, SECOND VALUE IS PERCENT) AND OF CORRECT 
UNIQUE SOLUTIONS FOR THE OBJECTIVE METHOD (FIRST VALUE IS TOTAL CORRECT OUT OF 1200, SECOND VALUE ISFEBCENT). AN UNDERLINED VALUE OF 
X SUGGESTS THAT IF THESE CONDITIONS HAD BEEN MONTE CARLOED, THE NUMBER CORRECT WOULD HAVE EXCEEIED 90%. 
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cell, with X varied in one degree steps relative to beam 1 from zero to 47°, 2096 correct MLE choices out of 2400, or 87.3%. 



vrrong, and a number of which requires the use of the second choice. 
There are a scattering of 3 vector solutions and the rest (crudely) 
are 4 vector solutions. (Two of these could probably we flagged as 
more probable than the other two) . 

Figure 20 shows schematically how the objective results might 
be plotted and analysed. It is not realistic in the sense that the 
density of the vectors would be far greater arotind an actual extra- 
tropical cyclone. 

The unique solutions as shown are single heavy wind barbs with 
a single flag (there is no atteii 5 )t to show speed) . They are in pro- 
portion to the percentage that would actually occur. The ones that 
are incorrect can be easily spotted and crossed out. The class 2 
solutions are shown as a heavy wind barb for the first choice and a 
dashed barb for the second choice. The ones that should be reversed 
can be easily spotted. The incorrect ones can also easily be crossed 
out. 

The field shows no class 9 cases, but actually there ought to 
be a few. The remaining class 7 and class 3 sets of 3 and 4 vectors 
complete the field. The information from the unique vectors and the 
class 2 vectors allows correct choices to be made for all of the 
class 7 and class 3 cases by continuity and inspection. 
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COMPARISONS WITH SASS RESULTS FROM SEASAT 
Introduction 

During the starting stages of the SASS on SEASAT, similar 
Monte Carlo simulations were carried out, and predictions were 
made as to the accuracy with which the vector winds would be mea- 
sured by that instrument. It is possible to compare these pre- 
dictions with what actually happened on the basis of the results 
of the two GOASEX workshops and the forthcoming results of the 
JASIN workshop. The techniques were not exactly the same for the 
two comparisons, but there are enough similarities to provide some 
information. 

Early Studies 

One early study of this subject, completed in April 1978, 
was that of Pierson (1978) . It was part of a final report to 
the Jet Propulsion Lab and to the Naval Environmental Prediction 
Facility jointly caried out by Pierson and SalfL(1978). 

In this study the region in the V-y polar coordinate plane 
that would contain the true vector wind nine times out of ten 
was calculated on the basis of appropriate theories, and several 
figures from these calculations follow. Figure 21 is for an 
input wind of 17.1 meters per second from 41° The solutions that 
resulted are shown by the black dots and by the circled white dot. 

The Monte Carlo result that came out was 17.4 meters per second 
from 45°. A 90% confidence intei*val is much larger than plus or 
minus one standard deviation in speed and direction. Therefore, 
the quantities that have been derived in this present study need to 
be approximately doubled in order to construct the 90% confidence 
region. Stated another way, the very tiny ellipses around the four 
solutions for the case under discussion would be half of their 
radii for a corresponding variability ini terms of standard deviations.' 
At an incidence angle of 44°, the simulations, therefore, suggest that 
for. winds near 17 meters per second, the errors would be extremely 
small in both speed and direction. 
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340 ® 


3 ^ Q** 


10 ® 


20 ® 



TRUE : 17. 1 M/S FROM 41® 
UNBIASED ESTIMATE: 17.4 M/S FROM 45® 


FIGURE 21 EXAMPLE OF A FOUR SOLUTION CASE. THE 90®/o CONFIDENCE 
REGION IS ±0.6 M/S AND ± 5.3® ABOUT THE ESTIMATE. 6 = 44®, VERTICAL 
POLARIZATION. 
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Figure 22 illustrates an input of 10.4 meters per second 
from 227°. The Monte Carlo simulation produced 10.3 meters per 
second from 229°. The error ellipses that would enclose the true 
value 90% of the time, if something near the correct direction 
were known, should again be roughly halved in both dimensions for 
the results to correspond to the analysis in this study. 

The same holds true for lighter winds and other incidence 
angles as shown by the next few figures. The error ellipses change 
form and become larger, but, nevertheless, there is every indication 
that the error structure of the SASS was such that the errors in 
both wind speed and wind direction would be fairly small. Even the 
tendency for the direction error to spread out over a large range 
of angles does not show any evidence of a tilt in these curves that 
would suggest that an error in direction of one sense would result 
in a decreasing wind speed and an error in direction in the opposite 
sense would result in an increasing wind speed. 

A Monte Carlo simulation involving a total of 390 values was 
carried out during the SEASAT program in order to try to separate 
the effects of synoptic scale gradients in the wind field from noise 
and communication errors. The SEASAT SASS cells did not fall ex- 
actly one on top of the other. The winds at the centers of the 
cells differed slightly in both speed and direction. These effects 
were used along with the Monte Carlo errors for commimication and 
attitude and the results are tabulated in Table 87, as taken from 
Pierson (1978). The pertinent rows in these data are those for 
noise alone. The effect of gradients on both the SASS and the 
SCATT will be discussed later. 

It is clear from these tables that the predicted errors for 
the SASS are much smaller than the predicted errors in direction 
based on the preceeding material for a single cell with an effective 
area of 100 square kilometers for the SCATT. Even averages of 5 cells 
at times do not approach the statistical results that were obtained 
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TRUE: 10.4 M/S FROM 227’’ 
UNBIASED ESTIMATE: 

10.3 M/S FROM 229° 


FIGURE 22 EXAMPLE OF THE FOUR SOLUTION CASE. THE 90% FIDUCIAL 
CONFIDENCE REGION IS SHOWN. 0 = 40° VERTICAL POLARIZATION 
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0 ® 


10 “ 
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FIGURE 23 EXAMPLE OF A TWO SOLUTION CASE WITH MLE'S AT BOTH 
UPWIND AND DOWNWIND WITH A NARROW RANGE OF DIRECTIONS 
AND SPEEDS FOR THE 90% CONFIDENCE REGION. 0 = 52“, 

VERTICAL POLARIZATION. 
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TRUE: 6.2 M/S FROM 19 T 
UNBIASED ESTIMATE: 6.5 M/S FROM 196® 

FIGURE 24 EXAMPLE OF A FOUR SOLUTION CASE FOR WHICH THERE 
ARE INADMISSABLE POINTS NEAR BOTH UPWIND AND DOWNWIND 
FOR THE 90®/o CONFIDENCE REGION. 
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TRUE: 12.0 M/S FROM 220® 
UNBIASED ESTIMATE: 12.0 M/S FROM 221® 


FIGURE 25 EXAMPLE OF A FOUR SOLUTION CASE FOR WHICH THERE ARE 
INADMISSABLE POINTS NEAR BOTH UPWIND AND DOWNWIND FOR THE 
CONFIDENCE REGION. ^ = 45®, VERTICAL POLARIZATION. 
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in this simulation of the SASS. When the additional compomding 
effect of elementry gradients is added to the SASS, the results 
get very large. Elementary wind gradients will not be as big a 
problem with the SCATT because of the closer location of the 
cells that are grouped in groups of six for each wind vector 
determination . 

The main point of this table is that all of the RMS errors in 
wind direction over the entire range of incidence angles for the 
spacecraft were predicted to be under 10 and many of them were 
predicted to be under 5°. The RMS errors in wind speed varied 
from a maximum of 0.9 meters per second to values such as 0.2 
meters per second, or a few percent of the wind when the wind ex- 
ceeded 20 meters per second. 

The conparison of the results in this table, which are typical 
for the Monte Carlo simulations of the SASS, show that the pre- 
dicted direction errors for the SCATT on the NOSS solely due to 
attitude and communication errors will far exceed the direction 
errors of the SASS. 

Compounded with the correlations between the speed and direction 
errors the SCATT winds for single 10 km by 10 km cells will 
be extremely difficult to interpret. Th© 5 cell data, summarized 
for worst case conditions in Table 81, and the 25 cell data also 
in Table 81, shows that at some incidence angles even pooled cells 
have large errors. 

The archives of the SASS team meetings also contain minutes 
where other Monte Carlo simulations were compared for a variety of 
model functions, although there were differences from one simulation 
to another and spirited discussions about the applicability of the 
particular model functions that were used, the overall result was that 
the wind direction errors would be small and that the wind speed 
errors would also be quite small. 
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The Results of Actual Experiments 

When actual meteorological data, as measured with an ane- 
mometer, were compared with the winds obtained by the SASS on 
SEASAT, the RMS direction differences and the RMS wind speed 
differences were much larger. After numerous iterations of the 
problem, the results of the JASIN workshop yielded what were 
probably the best results in such comparisons. These results in 
an early form, which may need correction because of improvements 
in the JASIN data, indicate that the RMS difference between the 
wind speeds measured by one instrument and the wind speeds mea- 
sured by the other instrument was about 1.3 meters per second 
over a range from 4 meters per second to about 16 meters per 
second. The RMS direction differences were slightly over 20 de- 
grees on the whole, but there was a large range of incidence angles 
in the middle of the swath for wind speeds above 8 meters per 
second, or so, for which the RMS direction differences were under 
10 degrees. It is difficult to see on the basis of the figures and 
data in this present study how the SCATT can even come close to 
wind direction errors for 10 km resolution as small as those ob- 
tained by the SASS chi SEASAT. The simulated averages by rows 
of five over a 50 km by 10 km rectangle or by groups of 25 for 
a 50 by 50 kilometer square produce acceptable results, using the 
criterion that the direction error is imder 10°, for 5 cell averages 
for all winds tested at incidence angles of 29° and 35°, for winds 
above 8 m/s for 47°, 39° and 29°, and for high winds at all incidence 
angles. Twenty-five cell averages yield acceptable results for all con- 
ditions except 4 m/s at a 53.5° incidence angle. 
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MESOSGALE EDDIES, GRADIENTS AND CELL SIZE 
Introduction 

The basic problem in deciding upon the resolution of any 
space borne instrument is whether or not the resolution used_will,. 
yield the information desired at that resolution. For the SCATT 
on the NOSS, this reduces to the problem of understanding meso- 
scale eddies in the winds versus gradients in the wind field at 
the synoptic scale, and how these two variables respond to varia- 
tions in the size of the cells that obtain the basic radar back- 
scatter measurements. Attempts to define these mesoscale eddies 
have been made in one of the GOASEX workshops, and some new re- 
sults have recently been obtained Pierson (198T). However, 
even the most elementry inspection of an anemometer record as 
obtained by a ship at sea, such as those shown in Pierson, 

Peteherych and Wilkerson (1980), illustrates that the minute- 
by-minute variations of the wind over a given point on the ocean 
can be large. These variations are not those associated with 
cumulus clouds in the trade winds. They are the natural varia- 
bility in the large scale synoptic flow for the winds around an extra- 
tropical cyclone. The anemometer record is a manifestation of a 
very complicated three-dimensional variability in the winds over 
the ocean. This three-dimensional variability has a vertical 
scale that extends upward to at least one kilometer, and the lateral 
scales are many times greater than one kilometer extending through- 
out the lower planetary boundary layer. The wavelengths involved 
in the horizontal scale are probably anywhere from a few kilometers 
to several hundred kilometers, so as to describe the variation of 
the two components of the horizontal wind. 



The mesoscale fluctuations in wind speed can be 10 to 20 
percent of the average wind speed as averaged over a half hour 
or more. The fluctuations in direction can be 5 degrees to 10 
degrees from one side to the other of the average wind direc- 
tion. Such fluctuations in speed and direction as a first approxi- 
mation can be thought to be advected over the sea surface at the 
speed of the average wind. 

Table 88 shows the time required in minutes for an eddy 
advected by the mean wind to travel 10 kilometers, 30 kilometers, 
or 70 kilometerst For high wind speeds, the 10 kilometer cell 
of the SCATT is thus the equivalent of a 7 or 14 minute average 
of the wind. It may even be somewhat less than this for other rea- 
sons. For the SASS on SEASAT, depending upon whether the long 
or the short side of the cell is used the averaging times were 
20 minutes to three hours. A seven minute average of the wind 
when the average wind is twenty-four meters per second could easily 
be 3 or 4 meters per second stronger or weaker than the average 
value, and a 14 minute average of the wind for a synoptic scale 
wind of 12 m/s could easily differ by one or two m/s from a 
longer average of an hour or so. 

Another way to look at this problem would be to take a very 
long anemometer record, break it up into time pieces with the 
durations indicated by this table and assign successive pieces in 
groups of five to a row of simulated SCATT cells on the NOSS. 

Quite clearly each piece would yield a different average wind speed 
and a different direction. The communication noise errors would 
then perturb each of these winds by the amounts shown in these 
simulations. The Monte Carlo 5 cell average would then attempt 
to reproduce whatever mean wind speed and direction represent the 
entire sample. 

The 30 kilometer distance is a compromise between the narrow width of 
a SASS cell and the long dimension of a SASS cell. The 70 kilometer 
distance is the long dimension of a SASS cell on the diagonal di- 
mension of a 50 km SCATT cell. 
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TABLE 88 


TIME REQUIRED BY AN EDDY ADVECTED BY THE MEAN WIND 
SPEED TO TRAVEL THE DISTANCE SHOWN 


DISTANCE 

10 KM 

30 KM 

70 KM 

V (m/s) 




4 

42 m 

2 h 6 m 

4 h 54 m 

8 

21 m 

1 h 3 m 

2 h 27 m 

12 

14 m 

42 m 

3 h 38 m 

24 

7 m 

21 m 

49 m 
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Even if these considerations are a gross over sinq>lification 
of the actual problem because the turbulence in the horizontal 
is two dimensional, and this aspect needs to be considered, a 
10 kilometer SCATT cell effectively covers within 20 or 
30%, about 100 squre kilometers, whereas the SASS cell for the 
SEASAT covered 2100 square kilometers. The area was thus 21 times 
greater. This larger area both smoothed out the mesoscale turbulence 
effects in the signal and allowed a longer integration (averaging) 
time for a larger area which yielded a stronger return signal. The 
net result was the greatly reduced scatter indicated by the Monte 
Carlo simulations of the SASS. 

The question that must, therefore, be asked is whether or not 
there is any information on the individual vector winds that might 
be recovered for the 10 kilometer by 10 kilometer cells of the 
present design of the SCATT. First of all, the winds for each of 
these cells will differ by 10 or 20% in speed from the wind that 
would be con 5 )Uted from a larger area or from a longer time average. 
Secondly, the directions will fluctuate by 5° or 10° compared to 
the wind direction that would be gotten from a longer time average, 
in our opinion, based on our present understanding of the problem. 

The six measurements that would be made by the SCATT on a space- 
craft for one of these cells would then be perturbed about their 
true synoptic values for this particular wind speed and direction 
This speed and direction does not equal any of the other wind speeds 
and directions in the row of five cells under consideration or in 
the square of 25 cells under consideration. The additional pertur- 
bation due to communication noise and attitude error, would yield a 
vector wind which even if it could be properly selected would dif- 
fer from the wind that was actually there by a fairly large amount. 
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The five winds that would be obtained in this way, or the one wind 
that would be obtained by averaging the five sets of backs cat ter 
values might or might not represent the 10 by 50 kilometer piece 
of ocean that was sampled (500 square kilometers). If 25 winds 
obtained in this way were vector averaged, they might or might not 
represent the wind for the 50 x 50 kilometer square, or the 2500 
square kilometer area. 

An alternative is to average the backscatter values for cells with 
the same incidence angle in sets of five, or so, and then to average 
cross track with a correction for incidence angle. The resulting six 
numbers would then yield a single vector wind at the center of the 
50 km by 50 km area. The average of the backscatter values gives 
a vector wind that is not the same vector wind as the average of the 
winds computed from the original 25 ten kilometer cells . 

One thing that can be stated as certain though is that the individual 
winds for each of the 100 square kilometer cells will usually contain 
very little information about the mesoscale winds for those cells be- 
cause the errors in their measurement as shown by this study will be 
as large as their internal, natural fluctuations. The combination of 
the two will be of such a nature that it will be virtually impossible 
to separate one effect from the other. (See Pierson (1982)). 

A corrolary of this is that it will be difficult to determine most 
gradients over a distance of 50 kilometers because the sampling varia- 
bility in the individual 10 x 10 kilometer cells will mask any gradient 
that could conceiveably occur in nature except possibly near the eye 
around a hurricane. At sharp wind shift lines such as fronts the 10 km 
resolution cells may be able to detect the wind shift for moderate inci- 
dence angles. If the wind shift exceeds 30°, or so, since the values 
for the biases and standard deviations are less than this, the wind shift 
should be detectable. 
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C complications Concerned with Pooling Backscatter Data 

Before drawing conclusions from this Monte Carlo simulation 
of the SCATT, it is necessary to clarify some of the statements made 
immediately above. The 10 km resolution of the SCATT was selected 
with the idea that in the operational mode, very nearly all of the time, 
the data would be pooled so that the measurement would represent a 
larger cell that was 50 km by 50 km. This larger cell is clearly 
sampled very efficiently over nearly its entire area by the SCATT 
scanning pattern, and the backscatter measurements at a given beam and 
polarization when averaged over the entire set of 25 10 km by 10 km 

cells should be fairly stable numbers. The six different backscatter 
measurements more nearly cover the full 2500 square kilometers uniformly 
than for alternate designs such as the SASS or the one described in 
Appendix G . 

However, the problem of pooling data is not simple. In this study, 
it was assumed that the input wind speeds and directions for the 5 cell 
averages and for the 25 cell averages were all the same. 

If this assumption is not made, the model takes on an additional 
conq)lexity . This additional complexity can be understood only in part 
at the present stage of knowledge of mesoscale variability, but it 
exists nevertheless and ought not to be ignored. 

Consider 25 cell averages, which would be the operational mode 
of the SCATT most of the time. For a given 10 km cell one way to 
determine the wind for a 50 km cell would be to use the six back- 
scatter measurements for each of the 10 km cells and compute a wind 
speed and direction from them. The 25 resulting values of speed £uid 
direction could then be averaged to obtain the average speed and direc- 
tion for the 50 km cell. Alternatively the 25 measurements of back- 
scatter for a given beam, polarization and incidence angle (with a 
correction for the slight cross track variations of incidence angle) 
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can be averaged to obtain a "more stable estimate", and the six back- 
scatter values for two polarization and three pointing directions so 
obtained can be used to compute a wind speed and direction for the 
center of the 50 km by 50 km cell. 

The 25 winds obtained the first way might be averaged either 
vectorially or by magnitude and direction (with due consideration 
of directions around zero or three hundred sixty degrees) . These two 
different averages differ, but this aspect of the problem will be 
ignored to keep the problem simple. 

Because of mesoscale turbulence, the actual average winds over 
each of the 25 cells illuminated by a given beam and polarization 
in a 50 km by 50 square will differ one from another. These 25 
winds can be represented by Equations (69) and (70) 

V. = V + A V. (69) 

1 1 

Xi = X + A Xi (70) 

where i goes from 1 to 25 . 

Strictly described, the winds are changing with time over each 
of the cells, and between the measurements made with beam 1 and 
beam 3 they may have changed in both speed and direction over the 
cell being scanned compared to what they were earlier. This effect 
will be neglected for this analysis. 

By definition 


and 

where x 


= ^ ^ V. 
N 1 

(71) 

1 _ 


(72) 

A V. = 0 

(73) 

1 

A Xi = 0 

(74) 


is' measured relative to beam 1. 
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For a particular beam, the theoretical value of the backscatter 
for a constant incidence angle is given by Equation (75)*. 

= A(x^) V (75) 


The value of the backscatter because of the effects of communication 
noise and attitude errors is given by Equation (76) , (See Appendix D) . 


= A(x^) V ®^^i^ + t^(a(<J°(V^, +B o? (V^, X ^) + Y)^ 


(76) 

A 

Each of the values of cr^ can be expanded in a Taylor series 
around the values of V and x such that all of the partial deriva- 
tives in Equation (27) are evaluated at V and x the functional 
dependence is understood. Only the first few terms of such an 
infinite expansion are given. Subscripts in V and x denote partial 
differentiation. The functional dependence on V and x is understood. 


a? = a^(V, x) + cr« AV. + a- A\. 
1 v > V 1 X I 


o ^ AV • ^ 2 0 *,/ A 0 aAx* n 2 

+ ( i) + a.-.- AV.Ax- a — ( ^i) 

W Vx 1 + XX -T~ 


+ t ( SD(V,x) + SD^ AV SD- Ax ^ (AV.)‘ 

V 1 + X i _i 


. SD,. AV.SXj ♦ SDjj ) 


(77) 


If the expected value of the 25 estimates of the is computed, 
the terms that yield Z A V^ and Z A Xj^ will be zero but the quadratic 
terms will not be zero. The expected value of becomes Equation (78) . 


♦Where from (2), A = 10^^^° and B = H/10 
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E(a.) = a^’CV.x) + ( a^*VAR(vp + 2a^°--C0V(V. x- ) 

+ o-°-*VAR(x.) ) (78) 

since E((Zt^)/N) = 0 and E((Et^AV^)/N) = 0. 


The variance (and hence the standard deviation) is found from (79) . 


E(o®-E(a°) )^ = VAR (o°) 


+ i( (SD^)^ + SD(SD^))-VAR(V^) 


+ ^((SD-)^ + SD(SD--))*VAR(x.) 

^ X XX **• 

i. 12 — M fV ) + M fy ) 

20 ”4'- i'' 20 4'-^i'' 


(79) 


2 

where M, is the fourth moment about the mean. In (79), E(Zt. ) = 5, 
4 1 

odd mixed moments of and Ax. are assumed to be zero, and the 
correlation between AV. and Ax^^ is assumed to be zero. 

In the Monte Carlo studies, this result was simplified to 
Equation (79) for the 25 cell case since the A and A x^ were 
assumed to be zero. 


0° = o°(V, x) + t(SD (V, x)/5) 


(80) 


The terms in Equation (78) show contributions from the variance 
of the mesoscale variability independent of the effects of radar 
commvinication noise. The term involving the variance of the V^, 
for B greater than 2 will be positive. The term involving the 
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variance of the can have either sign depending on the value of x 
and the incidence angle. It will be particularly important near 
upwind, downwind and crosswind. The correlation (covariance) between 
and will be small for mesoscale turbulance but large across 
fronts . 

The various terms in both (78) and (79) can be computed by 
means of finite differences and the equations at the beginning of 
this report without going through the process of formal differentia- 
tion of the analytical equations. The average value of the a? can 
be either larger or smaller than the value computed from the average 
wind over the 25 cells, and the variance will probably be larger 
because four of the terms in (79) are always positive. 

Complications such as this are built into the SASS analysis 
when attempts are made to pool data and hidden by the large cell 
size. For the SCATT, they need to be investigated more thoroughly. 

This analysis is still oversimplified compared to the actual 
situation. Because of the effect of sampling variability in (76) 
each of the 25 wind speeds and directions that would be recovered 
from the 10 km by 10 km cells would have a "random", or pezhaps 
partially systematic, error in the recovered values of V and x as in 
Equations (81) and (82) . 


V._ = V. 
iR 1 

+ A V. + A V._ 
1 iR 

(81) 

XiR = Xi 

+ A X- + A x-n 

^iR 

(82) 


where L and A x^^j^ are introduced by the communication errors 
and the attitude errors. 

The "correct" value for the 50 km cell is, by definition, 

V and X- The averages of (81) and (82) give (83) and (84). 




V + 






(83) 
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(84) 


% ' 




A X. 


iR 


If the six values of o° of the form 
the wind for the center of the cell, the 


of (78) are used to find 
result might be written as 








) 


= V + A Vp 

,0 O 0 0 O Ox 

XpR = x(0yj, Oy2» Ov3> Offi* °H2> 

= X + A Xp 


(85) 


( 86 ) 


where P is for pooled. 

Which of these two results, i.e. (83) and (84) versus (85) and 
(86), is closer to V and x needs to be determined. Both are probably 
more representative of the wind for the 50 km cell than winds computed 
from alternative designs. 


- 266 



CONCLUSIONS 


Introduction 

This investigation has studied the properties of a preliminary 
design for a scatterometer called the SCATT. It is based on know- 
ledge gained from the SASS on SEASAT. It is already apparent that 
wind fields obtained from the SASS and meteorological analyses 
based thereon will be far superior to wind fields and analyses from 
conventional sources. The errors from the conventional data because 
of inadequate averaging times, the poor calibration and exposure of 
most anemometers and the poor coverage of the world ocean by ships 

and buoys tmdoubtedly prpduce very large, and at times systema'y.Cj, 

errors in wind fields and meteorological analyses compared to those that 
would result from the correct use of the SASS data. 

The SCATT is an improved instrument compared to the SASS. The 
SCATT vector wind for a 50 km cell, whether obtained by pooling back- 
scatter values for 25 ten km cells or by averaging 25 vector winds 
as recovered from each of the 25 sets of six cells, will be a very 
accurate wind compared to a conventionally measured wind. There are 
further investigations that need to be made about the error structure 
of the radar winds for pooled and unpooled data and about the properties 
of mesoscale turbulence. 

The full details of the Monte Carlo simulations are given in 
Appendix H. Tables similar to Table 12 are contained in this appendix 
for each check mark shown in Table 11. Tables similar to Tables 41 
through 52 are given for every wind speed and direction required by 
Table 11. There is a mass of basic data that have been summarized and 
partially interpreted by other graphs and tables in the text. 
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Overall MLE Ability to Select the Correct Wind 


Table 86 is a good place to start in order to draw conclusions 
from the data. With the ± 0.7 db added error calculations neglected, 
there would have been a total of 3 x 4 x 4 = 48 possible data sets. 

Of these, 28 were evaluated. The number, or percentage, of correct 
MLE choices either increases for the same incidence angle, with in- 
creasing wind speed or levels off for the same number of cells. For 
the same number of cells and the same wind speed, the percentage 
correct decreases with incre^ing incidence angle. For a fixed wind 
speed and incidence angle, the percentage correct increases with in- 
creasing number of cells. In Table 86, based on the above observa- 
tions, an underlined X is to indicate that the percentage of correct 
MLE choices would be expected to be greater than 90% if the data 
for the tabulated conditions had been computed. The MLE solutions 
are clearly the best way to proceed if they prove to be as accurate 
for actual data as they seem to be for this simulation. The starting 
values for the MLE search can be found from the starting procedure 
of the objective method. 

Winds of 4 m/s and under for all incidence angles and one 
10 km cell and winds under 8 or 9 m/s for incidence angles greater 
than 46°, or so, and one 10 km cell would not be recovered uniquely 
by the MLE, 90% of the time. For 5 cell averages, most simply 
at a constant incidence angle, or perhaps for 2 by 2 clusters, (/5 
is not that much larger than 2) , only 3 of the 16 values in the com- 
plete table, as extrapolated above, would be under 90% for high in- 
cidence angles and low winds (4 m/s at 47° and 53° and 8 m/s at 
53°). The 25 cell averages yield 90% correct MLE solutions for 
all cases except 4 m/s for 47° and 53°. The MLE solutions, if 
found routinely for 10 km cells, would yield winds that could be 
easily corrected for the incorrect vectors over large areas of the 
ocean. These could then be vector averaged to obtain more stable results 
and eliminate mesoscale effects. For areas where this procedure gave 
too many errors, the backscatter data could be pooled and the pro- 
cedure repeated. 
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Even if the ± 0.7 db added error were a real effect in the 
data, the results would be perhaps 75% correct instead of 90% 
correct. A consideration of this added error is probably an incorrect 
way to account for mesoscale variability from one 10 km cell to 
another. Some of the variability at 10 km resolution is the result 
of mesoscale wind variability as discussed above. 

If the SCATT were used to recover 10 km resolution vector 
wind fields, the fields would not be very useful because the errors 
in the wind vectors introduced by communication noise and attitude 
errors would usually mask the mesoscale features of the wind field 
as shown by Pierson (1982), except for strong wind shear lines, near 
hurricanes and in areas where 10 km cells would not touch land but 
larger cells would. It would be necessary to average these winds 
so as to smooth the vector wind field and obtain a representative 
synoptic scale wind field for most mid ocean conditions. 

An investigation of the complications concerned with pooling back- 
scatter data might show that pooling sets of 25 ten km cells yields 
useful results with small speed and direction errors, and this would 
reduce the amount of computations . The choice here is engineering 
terminology is still T B D, (to be determined) because the effects 
of turbulence hais not been modeled adequately. Pooled data so as to 
provide winds routinely at a 50 km resolution, either way will be 
more accurate than winds from the SASS. 

The computation of the MLE estimate of speed and direction 
requires considerably more effort than the computation of the winds 
by means of the objective method. By keeping track of the wind 
direction relative to the pointing direction of beam 1 around a 
full circle, information about the model function can be inferred that 
may permit its refinement. The behavior of the curves plotted in each 
of the four quadrants for Figures 4, 5 and 8 is not the same. Should 
the maximum likelihood method not work as well on actual data as 
it does on simulated data, the objective method can serve as both a 
stand-by procedure, that is quickly computed, and as a way to under- 
stand how the model function could be improved. 
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Bias and Correlation of MLE Errors and their Removal 


As shown by Tables 41 to 52 and Tables 53 to 80 and by Figures 
12 to 19, and as summarized in Table 81, the present design with six 
antennas introduces systematic correlations between the errors in 
wind speed and direction and systematically larger errors for certain 
wind directions relative to beam 1 once the "correct" wind, is the 
solution closest to the input time wind, has been selected. For the 
missing entries in Table 81, extrapolation can provide an estimate 
of what the values might be. For example, for one cell, the bias and 
standard deviations for any wind speed would be expected to be as 
large as several degrees for the bias and greater than 10° for the 
standard deviation. For actual data, the variability could be much 
worse. These values are larger than those found in similar studies 
of the SASS. 

The reason for these correlated errors in wind speed and wind 
direction was explained on page 85. Once the reason is known, there 
is a possible way to eliminate this effect and, at the same time, 
to make the MLE estimates more accurate. 

Instead of three measurements for vertical polarization, suppose 
that there are four on each side at ± 45°, ± 65°, ± 115° and ± 135° 
and that the horizontal polarization measurements are made at ± 45° 
and ± 135°. There would still be a total of six measurements on 
each side. Recomputed curves such as those in Figure 8 for this 
modification for wind directions near 45°, 135°, 225° and 315° would 
then show three ascending curves and three descending curves going 
through the correct speed and direction. There would be no tendency 
for four such curves to overpower the two remaining curves and pro- 
duce the correlation between speed and direction errors as in the 
present design. The new vertical polarization measurement would 
reinforce the one at 20° or -115° in the present design and pro- 
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duce a large number of two solution cases for nearly all wind direc- 
tions relative to beam 1 even without any horizontal polarization 
information. The two remaining horizontal polarization measurements 
would still eliminate the incorrect solution for wind directions 
near 0°, 90°, 180° and 270° relative to beam 1 as shown in 
Figures 8 and 9. 

Alternative Designs 

There is nothing yet cast in concrete for the 50 km larger cell 
and the 10 km cells for finer resolution within the cell. The re- 
sults obtained about the 10 km cell show rather large sampling 
variability errors and biases over the full range of wind speeds, 
directions and incidence angles. 

The design advantage of more uniform coverage by means of the 
10 km cells and the use of the antenna beam width more efficiently 
would not be lost if the fundamental cells were enlarged slightly 
and if the area for routine large scale data was also enlarged. 

In statistical analyses, for large san 5 )les, improvements of a 
factor of 10 in the reduction of a standard deviation require a 
sample size increased by a factor of 100, but when small samples 
are involved, a 50% increase in the san^le size can provide a 
dramatic improvement. The 10 km resolution seems to be pushing the 
state of the art a bit too hard even with all of the design improve- 
ments of the SCATT compared to the SASS. (As an aside, the antenna 
design is unchanged. The antenna pattern is symmetric about the peak 
gain, and some percentage of the 100 watts that are transmitted 
never reaches the sea surface. An improvement might be possible here.) 

If the standard deviation of the estimate of the received power 
could be decreased by enlarging the dimensions of the cells and length- 
ening the averaging time for the single cell by a modest amount 
and if the four vertically and two horizontally polarized antennas 
were used, the wind data from a single cell would be much more useful. 
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Basic cells on a 15 km grid with doppler band widths 50% wider 
and averaging times 50% longer pooled in 4 by 4 arrays so 
as to provide a 60 km synoptic scale resolution (about 2 values 
per degree of longitude) might change the values of X and NR 
in Equation D7 in such a way as to improve the estimates of the 
winds substantially for these 15 km by 15 km cells. (The 
reciprocal of X is effectively the sample size.) There is time 
to study numerous options for the antennas to be used on the SCATT 
and for the cell sizes and scanning patterns to be used in the final 
design. 
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APPENDIX A 


AN ANALYTICAL SOLUTION FOR VERTICAL POLARIZATION PAIRS FOR 

BEAMS APPROXIMATELY 90° APART 

INTRODUCTION 

The methods developed in this study require as a starting point 
the determination of the four vector winds for vertically polarized 
pairs of backscatter measurements for beams approximately 90° apart 
as illustrated in Figure 4 of the main text. This is accomplished by 
solving analytically for the four wind directions, for the four solu- 
tion case, or the two, that correspond to the places in the V-y 
plane where the two curves shown in Figure 4 cross. Given a wind 
direction, the speed is known immediately from Equation (5). 

These wind speeds and directions are then used in the selection 
by objective criteria method. They also serve as starting points in 
the V-x plane for the search for the maximum likelihood estimate. 

The equations that are used are equations (5) through (18f) . 

Let beam 1 make a backscatter measurement at an incidence angle of 6,, 
so that the two quantities associated with it are a° and 0^. (The 
circumflex will be omitted). The unknown wind direction relative to 
beam 1 will be Xj* Let beam 2 make a second backscatter measurement, 

and the values associated with it will be o° and 6-, and let beam 2 

o , ^ ^ 

be 90 + e clockwise from beam 1 as in (Al) . 

^ " ^BEAMl ~ ^BEAM2 " (Al) 

If the second measurement is substituted into Equation (5), the 
appropriate wind direction relative to beam 1 that will yield the same 
wind speed as o°, 0^ and Xj for beam 1 would be Xj " - e for 

beam 2. (A2) 
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From Equation (13), the result is Equation (A3) for beam 1. 

^1 ' ^cl ■ ■ G*(Oj,0j) G**(Xi,0i) 

For beam 2 , the result is Equation (A4) . 

^2 " ^c2 ■ F(Xj-TT/2-e) - G*(a 2 , 62 ) G**(xj-ir/2-e,e2) (A4) 

As Xj is varied in these two equations, curves like those in Fig- 
ure 4 are produced. If they cross at 4 points, for each point where 
they cross 


Yj = Y 2 ^A5) 

so that the right hand sides of A3 and A4 can be set equal. 

The only unknowns in the resulting equation are the four (or 
perhaps 2) values for Xj that satisfy the equation. 

Let 

P = cos Xj (A6) 

p* = cos (xj-ir/2-e) (A7) 

From the definitions of the various terms involved, the quantity 

2 0 

p can be factored out of part of the left hand side and p* can 

be factored out of part of the right hand side with the result 

Yci + F*(p,o°,0j) (cos Xj)^ = Yj. 2 (Xi-Tr/2-e))^ (A8) 
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Trigonometric identities and algebraic manipulations then yield 
Equation (A9) . 


(Cos xp = 


^cl"^c 2 * ^ ((cos e) + (sin 2 x,sin 2 e)/ 2 ) 


F* + Af* (cos 2e) 


(A9) 


where 

M* = F 2 (a 2 »e 2 )p* + G*(a 2 , 02 )(l + 0 ( 62 ) (1 - p*^) + K( 02 ) p*(l-p*^) 

+ E(02)(l-3p*^+2p*'*) + K*(02) p*(l-3p*^ + 2p*"^)) (AlO) 

F* = F^(Oj,0j) p + G* (aj,0^)(l+D(0p(l-p2) + K(0j) p(l-p^) 

+ E( 0 j) (l-3p^+2p^) + K*( 0 j) p(l-3p^ + 2p"^)) (All) 


The right hand side of (A9) is also a function of Xj- How- 
ever it varies only slightly, but in a nontrivial way, as a function 
of Xj* Xj in different quadrants, the values of p and p^ 

assume like and opposite signs depending on the quadrant and the 
value of e. Equation A9 is thus slightly different for comparable 
angles in each quadrant (say, x*. - X*. + x*> if - x*) • 

A first approximation to x^ is found by setting Xj = 
on the right hand side of A9, This yields a value of Xj in 
the first quadrant on the left side which is then substitutnd 
into the right side to obtain an improved value. The itera- 
tion stops when the left side is equal to the riglit side to the de- 
sired accuracy. The other three values of x are found by starting at 
3 ir/4, 5 ii/4, and 7 tt/ 4. Given the wind direction relative to beam 1, 
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the use of (5) then gives the wind speed. Sample calculations rapidly 
converge, and the solution is typically found to + 0.01° aiid 
± 0.01 m/s. Exan 5 >les of the results are given in the main text. 

The Monte Carlo calculations in this study Were done for the 
special case of e = 0. The random fluctuations in the backscatter 
can result in no formal solutions for a particular pair of values. 

When two actual crossing solutions are found, a third is found as the 
base of a "Y" pattern at 0°, 90°, 180° or 270° relative to beam 1 
by means of a maximum likelihood estimate based on the two vertical 
polarization measurements for the speed at that particular direction. 

For no actual crossing, two solutions are found for the V polariza- 
tion data that are 180° apart in terms of maximum likelihood esti- 
mates ^ The generalization for conditions where e / 0 is not difficult. 

Before solving for the values of x that satisfy A9, some simple 
inequalities can be tested by means of (9a) , (9b) and (9c) for the 
two backscatter measurements. These tests determine whether or not 
there are four solutions. If there are not four solutions, then either 
there are two crossing solutions and one maximum likelihood solution 
or there are two maximum likelihood solutions. 

For example, if for beam 1, at 0° 


and if for beam 3 


and if 


and 


Y - < < Y , 

ul D1 cl 


Y < Y < Y 
u3 D3 c3 


Y < Y < Y 
ul D1 c3 


Y < Y < Y 
u3 D3 cl 


(A12) 


(A13) 


(A14) 

(A15) 


then there are four solutions. 
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If as a second example, (A12) and (A13) hold and if 


c3 


< Y 


ul 


(A16) 


then there are two maximum likelihood solutions one at 0° and the 
other at 180°. Other inequalities yield the other possibilities, and 
simple tests quickly determine the various possibilities. 
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APPENDIX B A COMPARISON OF PROBABILITY DENSITY FUNCTIONS AND 
LIKELIHOOD FUNCTIONS FOR VARIOUS ALGORITHMS USED 
FOR THE SASS AND THE SCATT. 

Introduction In the main body of this report, a theory for 
recovering vector winds from the SCATT has been correctly de- 
rived. Every once in a while some incorrect ways to develop a 
theory and corresponding algorithms have been mentioned in passing. 
The purpose of this appendix is to summarize the two probability 
density functions that are involved and the various correct and 
incorrect likelihood functions that can result from these pro- 
bability density functions. Some graphical results that compare 
correct and incorrect pdf’s and correct and incorrect likelihood 
functions will then be presented based on SCATT parameters 
that will provide guidance on those conditions for which the in- 
correct theories will lead to incorrect results. 

The following material defines all of the functions, con- 
stants and variables that are involved. There is one correct pdf 
and one correct likelihood function. There are three possible ways 
to define incorrect likelihood functions. 
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PROBABILITY DENSITY FUNCTIONS AND LIKELIHOOD FUNCTIONS RELATED 
TO BACKSCATTER MEASUREMENTS (SIMPLIFIED NOTATION) . 

DEFINITIONS 

A. 

a ; the randomly varying measurement of the backscatter 

a ; the "true" but (usually) unknown value from the model 
function. 

VAR o = (a + B a + y) ; (Bl) 

A 

A function of a (not a) . The values of 
o, 6 and y are constants for a given cell. 

S/N; a parameter called the signal to noise ratio given by 

a/NR 

where, N and i? are known. In db, 

S/N db = 10 logjQ S/N 

VAR 0 = (a 0 ^ + B 0 + y) ; (B2) 

an incorrect value for the variance based on the randomly 
varying measurement of the backscatter. 


= 10 logjQ o; o converted to decibels. 

a,, = 10 log,_ a; a converted to decibels, 
db 10 



A quantity used in a theory that assumes an incorrect probability 
structure for a; it is a fvmction of o, not a. 
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CSD = % (lo :o (i - <Y^’‘)) (b4, 


A quantity used in a theory that assumes an incorrect pro- 
bability structure for o, and that also uses an incorrect 
value for the variance based on a randomly varying value 
for the backscatter. It is a function of a. 
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PROBABILITY DENSITY FUNCTIONS 

d0 (B5) 

J 

The correct pdf, o is the random variable, a is assumed known, 

A 

a and VAR a (which is a function of a) are known constants. If 

0 is known, this pdf gives the probability that a value of o 

between o + and o - ££. will be drawn at random from the 

2 2 
assumed population. 


f(o; o) do = (2n)"^(VAR o)"* exp 


-h 


( o - P) 
VAR 0 


2 l 


^^®db’ W °db " (2if)'^(SD 0)db'^ exp^ 


‘'°db ‘^db^^ 


KSD o)db 


do 


db 


(B6) 


An incorrect pdf that yields probabilities more or less equal to 

A ^ 

the correct probabilities, o^.^^ is the random variable, (SD o)^^ and 
o„ are known constants. 


fj^(o,o)d o = 


4.529 

(2n)^o(SD o) 


db 


exp 


K flO log 

I 


10 


a - 10 logjQ 

A 

(SD 0)db 


a 



A transformation on f(a,. , a„ ) so that probabilities generated by 

QD QD 

it can be compared to the correct probabilities from f (0;o)db , o 
is the variable and a and (SD a) db are known constants. The 

A ^ 

transformation is = 10 log^Q <7- Equation (B7) is the log-normal 

distribution (Mood, Graybill and Boes (1963), Pg. 117). Had (B6) 
been the correct pdf for the backscatter, then (B7) with this trans- 
foimation would be a possible distribution. However, (B6) is not the 
correct distribution. This transformation allows (B6) to be com- 

A 

pared with (B5) on linear o scales. 


(B7) 
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LIKELIHOOD FUNCTIONS 


L(a;0)da = (2ir)”^(VAR a) exp 



(B8) 




The correct likelihood function; a is known as a sampled value, 

/s 

a is the variable and VAR 0 is a function of this variable. The 
likelihood function (with the da) gives the probability that a 

/V . /N /\ /\ 

value of a between 0 + d 0/2 and 0 - d 0/2 will be sampled 
as a function of the values of the variable a. 


L. (0;0)do = 


(2tt)"^(VAR o)~'^ exp 



(o - 0 ) 

A AT“ 

VAR 0 



da 


CB9) 


An incorrect likelihood function, a is the variable, 0 is 

/V A 

known, but VAR o is treated as a constant, which is calculated 

A 

from 0 instead of as a variable. It does not yield the correct 
probability defined by (B8) , and, in fact, the roles of the randan 
variable and the population parameter have been completely re- 
versed. 


^°db’°db' 


dOjb = (21.)' 



A correctly defined likelihood function based on (BQ which is 
not the correct pdf for backscatter as measured by either the 

A 

SCATT or the SASS. 0 ,, is a known constant, 0 ,, is the vari- 
/s db do 

able and (SD is a function of o^j^. 


(BIO) 


^3 ^‘^db’^db^ ^ °db 


( 271 )-"^^ I [sD ojj exp[-J^[- 


'°db ■ °db 


(SD o)^^ ^ 


)^"db 


(Bll) 
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An incorrectly defined likelihood function based on B6 

A /V A 

a,, and (SD a),, are both treated as constants which is in- 
db do 

correct, o,, is the only variable. This is the likelihood 
db 

function that is used in the present SASS-1 wind vector algorithm. 


(o;o) do = 


4.329 

A 


exp 


(2tt) ^ o(SD o) 


10 logj^a - 10 log^pOi2 


db 


CSD o)db 


do 


A correctly defined likelihood function based on the transforma- 
tion of (B6) into (B7) for comparison purposes, o is the vari- 
able and (SD is a function of o. o is known. The pdf from 

which the likelihood function is obtained is incorrect fron a physical 
point of view. 


Lg (o;o) do = 


4.329 




exp 


(2ir) " o(SD 


10 log^QO - 10 log^^O'i 


10 ' 




do 


An incorrectly defined likelihood function, (SD hss been 

computed from the known o and is a constant. The only variable is 
the o in 10 log^^o. It is based on an incorrect pdf. This likeli- 
hood function can be used to compare (B8) with (Bll) because o 
can be plotted on a linear scale. 


(B12) 


(B13) 
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General Discussion The clearest demonstration that a in 

linear form and not a,, is the correct random variable and that 

do 

(B5) is the correct pdf lies in the facts that (1) values 

A. A 

of a (= i? P_) were frequently negative in the SASS data and 
(2) that Monte Carlo studies generate values of a by means 
of Equation (B5) as described by Equation (29) of the main text. 
In Monte Carlo studies, especially for low signal-to-noise ratios, 
it is clearly inconsistent to use the correct pdf to generate the 
Monte Carlo data (which clearly corresponds to reality) and then 
to use an incorrect pdf and an incorrect likelihood function 
obtained from it to recover the winds that generated the perfect 
theoretical backscatter values and the variances that were then 
used to generate the Monte Carlo values of o. 

Among other objections such a procedure involves ignoring all 
of the negative values of o that are generated when the signal 
to noise ratio is low. The negative values of the estimates (measure 
ments) of the received power by the SASS were the source of con- 
siderable consternation to some workers with the SASS data. These 

A ^ 

negative values are a real phenomenon, a value of a that is 
negative can be calculated from this negative estimate of the re- 
ceived power and this value can be used to recover winds from the 
data. The true values of a, i.e. those computed from a perfect 
model function are never negative, and this fact is, of course, con- 
sistent with the physical model being used. 
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SOME NUMERICAL AND GRAPHICAL EXAMPLES 

For one of the cells of the NOSS, the various parameters 
involved yield the result that 


VAR 0 = 5.36210"^(o + 8.409 x 10“^ o + 7.4675 x lO"' 


-5 


(B14) 


Also NR = 0.0148 


(B15) 


With this information, it is possible to compute the numerical 
value for the various quantities used in the preceeding equations. 
They are given in Table Bl. 

A range of S/N from + 10 db to - 12 db is covered in 
Table Bl. As the values of a decrease by a factor of 158, the 

standard deviation decreases by a factor of 10.2, and SDa/o in- 
creases from 0.06 to 0.97. The reciprocal of SDo/a, when 
assigned a negative sign, is that value of t from a zero mean 
unit variance normal pdf such that a will be zero, and values 
of t more negative than this yield negative values of a. For 
the last three entries, these values are - 1.57, - 1.28 and - 1.02, 
and values less than these have an appreciable probability of oc- 
curring. 

To use the incorrect pdf given by (B6) requires some sort of 
a standard deviation expressed in db. For this pdf to have approxi- 
mately the same shape as the correct one, the exponent should 
equal minus one half at the db values that correspond to a + SDo 
and a - SDo for the correct pdf. These values are 


Oj, + SDOj. . 

db db 


and 


db 


- SDo 


db' 
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Table B1 Numerical Values for some Graphs of the Preceeding Functions 
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Both sides of the curve cannot be fitted, and so the usual assump- 
tion is to use (B3), which comprranises part way between, with one 
value slightly too large and the other slightly too small for 
high S/N values. The approximation is fairly good for S/N 
greater than 0 db; it is questionable for S/N less than 0 db 
but greater than - 10 db. It becomes very poor for S/N less 
than or equal to - 10 db. For a decrease of a few more db, 
as soon as SDo/o equals one, or more, the approximation falls 
completely. If SD o(+) alone is used, other kinds of incon- 
sistencies arise. 

Figiires B1 through B6 are graphs of some of the functions 
defined above for values of S/N of 10, 5, - 3.01, - 5, - 10, 
and - 10.97 db. The first four figures show the correct pdf 
(Eq. B5) and LF (Eq. B8) at the top, the incorrect pdf (Eq. B7) 

transformed from Eq. B6) and the incorrect LF (B13 trans- 

formed from Bll) in the middle, and the correct LF and incorrect 
LF at the bottom. The last two figures show only those graphs 
corresponding to the top and middle of the preceeding four figures. 

To obtain graphs that could be easily compared, the pdf's and 
LF's have been multiplied by one tenth the value of the standard 
deviation given in Table Bl. For a pdf, a point on the curve 
represents f approximately! the probability that a will lie in 
the interval 

^ ^ ^ ^ y\ 

o - SDo/20 < a < o + SDo /20. 

The correct pdf is simply the normal curve, since a is known 
as in Figure Bl. The likelihood function is a function of a 
on the horizontal axis. For Fig. Bl, the likelihood function is com- 
puted for the observed (estimated, Monte Carloed) value of a 
equal to 0.148. It gives the probability that a value of a 
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between a - SDc/20 and o + SDa/20 would have been sampled for 
any value of a as given on the horizontal scale. 

From the top pdf in Bl, for exau 5 )le, the probability of ob- 

“4 

taining a value of o of 0.14 ± 4.659 x 10 is about 0.0272. 

From the top LF in Bl, the probability of obtaining a value of 
o of 1.148 ± 4.659 x 10 ^ is 0.004 if o equals 0.13 (and 
not 0.006). 

The correct LF (compared to the pdf) is lower for low values 
of 0 , higher near the peak for values of o less than a, lower 
past the peak and finally higher for high values of a. This 
skewness is produced by simply using the correct definition of the 
likelihood function for this special radar case where the variance 
is a function of the mean. 

The correct pdf is used to Monte Carlo SASS and SCATT 
simulations, but the correct LF is not used to recover the winds 
in the SASS 1 algorithm. The incorrect LF that is used is 
obtained from an incorrect pdf and both are shown in the middle 
of Fig. Bl. 

Since the correct and incorrect likelihood functions are the 
source of the difficulty, both are graphed as a function of a 
on the bottom of Bl. For S/N = 10 db, there is very little dif- 
ference between the correct and incorrect likelihood functions. 

The incorrect pdf plus the incorrect use of a likelihood function, 
in which the variance is kept constant, combine to produce a like- 
lihood function that is very close to the correct one. 

Fig. B2 shows similar graphs for S/N = 5 db. The correct 
graphs have properties similar to those of Fig. Bl, and the two 
likelihood functions are very similar. A similar result would be 
obtained for S/N = 0 db. 



Fig. B3 shows the same set of graphs for S/N = - 3.01 db. The 
correct curves still have a shape similar to those in Figures B1 
and B2. However, the two likelihood functions are now discemably 
different with the incorrect LF being too low for values of o 
less than 0.0074 and too high for values of o greater than 
0.0074. 

For S/N = - 5 db as in Fig. D4, both the incorrect pdf 

and the incorrect LF show a definite skewness compared to the 
correct functions. The errors inherent in using an incorrect LF 
could be appreciable. 

Disaster strikes the incorrect theory for S/N = - 10 and 
S/N = - 10.97 as shown in Figures B5 and B6. The correct pdf 
and LF are still perfectly well behaved. Ntegative values of o 

A 

(not o) are not admissable for theoretical reasons because of 
the theory of the model function. In B5, for example the pro- 
bability of observing a value of o between 0.0148 - 4.686 x 10 
and 0.0148 + 4.686 x lO"^ is 0.01 if, in fact, d is zero. 

Summary 

A strange situation has arisen. A correct theory for the pdf 
of the randomly varying backscatter measurements that were made 
by the SASS on SEASAT and that will be made by the SCATT on 
the NOSS was used in the design of these instruments. This 
theory is used to generate Monte Carlo values so as to study 
the effect of sampling variability for both the SASS and the 
SCATT. This theory corresponds to the actual measurements (esti- 
mates) obtained with the scatterometer. It is based on the fact 
that backscatter in anti log form is a normally distributed random 
variable with an expected value (mean) predicted by a model function 
and with a variance that is a fimction of this expected value. 
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An inconsistency arises in that the present SASS 1 algorithm, 
which is used to ccmipute the winds frcmi the backscatter measure- 
ments, does not use a correct likelihood function in order to 
obtain maximum likelihood estimates of the vector winds. The 
discrepancies between the correct and incorrect likelihood functions 
can be substantial for low signal to noise ratios and can cause 
difficulties even for moderate signal to noise ratios. 

These difficulties do not arise in the final data set for 
the SASS winds based on the SASS 1 model function. Only pairs 
of backscatter values 90° apart in aspect angle were used along 
with a variant of Equation 41b of the text. Curves such as those 
in Figure 4 usually cross at uniquely defined values of V and 
X and Q becomes identically zero. The theories described in this 
report would yield different results only for the vertical part 
of the •'Y" type of solution in the three solution cases and for 
the two solution cases. 
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0.1 1 
r P ( cr) 


O.ll 0.12 0.13 0.14 0.15 0.16 0.17 0.18 0.19 


with^rat^A^^ incorrect probabilities associated 

measurements^ FOR A PARTICULAR SCATT CELL AND 
S/N - 10 DB. <r = 0.148 FOR PDF S. cr = 0.148 FOR LF’S. 
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FIG. B2 SAME AS FIG. Bl EXCI 
PDF'S AND <r = 0.0468 FOR LF' 


CORRECT PDF 
CORRECT LF 
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FIG. B3 SAME AS Bl EXCEPT S/N=-3.0I OB AND cr =0.0074 FOR PDF'S 
AND O' =0.0074 FOR LF'S. 
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FIG. B5 SAME AS FIG. Bl EXCEPT S/N =-IO DB AND <r = 0.00148 
FOR PDF’S AND o- =0.00148 FOR LF'S. 
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FIG. B6 SAME AS FIG. Bl EXCEPT S/N = -10.97 DB AND O' = 0. 001 184 FOR PDF’S 


AND cr= 0.00ri84 FOR LF'S. 
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APPENDIX C THE MLE SEARCH ROUTINE AND EXAMPLES OF THE VALUES 
OF THE NORMALIZED LIKELIHOOD FUNCTION, L* (V, X, 0.°. ) 

Search Technique for the Maximum of the Normalized Likelihood 
Fimction in the V-x Plane 

A search technique was developed to find the maximum value of 
the likelihood function that could ensure that the maximum was foimd 
to the specified resolution and that would not require a prohibitively 
expensive exhaustive search of the V-x plane. 

The basic method employs the use of rectangles in the V-x plane. 
For a given V-x pair the value of the function is computed. Then 
for some AV and Ax, the eight points that would form a rectangle 
surrounding the V-x pair are computed and the maximum found. Then 
the value of the maximum is compared to the value for the original 
V-X pair. If the maximum on the rectangle is smaller than the value 
for the original pair, then the search is complete and the maximum has 
been found. However, if the maximum is larger than the value at the 
center pair, the maximum has not been found and the search is con- 
tinued by moving the rectangle, such that the new maximum becomes the 
center of a new rectangle, and the procedure is continued until a maxi- 
mum is found. 

The advantage of the technique described above is implicit, 
in the move of the rectangle to successive maxima in that the path 
taken follows, the gradient of the likelihood function, thus taking 
the shortest path through the grid at the resolution specified without 
ever having to compute the partial derivativoa of the function. 

In order to reduce the number of steps to find the maximum, rec- 
tangles with successively smaller values of AV and Ax are used. 

The first search is done using AV = 0.5 ms ^ and Ax = 2.5°. I'Jhen 
the maximum to that resolution is found, a second search is done 
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with AV = 0.2 ms ^ and Ax = 1.5° and finally a third search is 
done with AV =0.1 ms~^ and Ay = 0.5°. Figure Cl illustrates 
the relative sizes of the rectangles used to search for the maximum 
of the likelihood function. 

A 

Exajnples of the Function, L'(V; x 

The normalized likelihood function varies from a maximum slightly 

greater than one to zero. When con 5 )uted over a rather small range of 

wind speeds and directions near the maximum values, the function varies 

-23 

to values as small as 10 before the limits of the computer are 
reached. 

The normalized likelihood function was evaluated to a resolution 
of 0.5 degrees and 0.1 m/s in the search for the maxima. Some 
of the values of this function (1) for vertical polarization pairs, 
ninety degrees apart, (2) for vertical polarization pairs, ninety 
degrees apart plus a new vertical polarization beam 20° clockwise 
from beam one and (3) for all six measurements are illustrated by 
means of coii 5 )Uter printout tables in this appendix. 

Table Cl summarizes the results for six examples. For the first 
three examples the input wind speed was 12 m/s and 0° aspect angle 
relative to beam 1. For the pair of vertical polarization measurements 
90° apart the maxima are almost equal but not one . The random 
fluctuations have shifted the locations of the maxima. 

When the vertical polarization measurement 20° away from beam 1 
is added to the terms in the calculation of the normalized likelihood 
function, the maxima decrease slightly and shift to different locations 
The new value does not produce a marked difference in the values of 
the maxima i 
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Av=0.5, 



FIG. C3. The Three Resolutions Used in the Search Routine to Locate the 
Maxima of the Normalized Likelihood Function. 




When the three horizontal polarization values are added, the 

_4 

result is dramatic. One maximum is 0.848,7. The other is 3.092 x 10 . 
The exanq)le properly selects a wind speed and direction near the input 
speed and direction. 

The next three examples are for an input speed and direction of 
12 m/s and 30°. For the vertica.1 pola.rizatipn pair alone, a.11 four 
maxima ought to be equal. They are not quite equa.1 because of the 
0.1 m/s and 0.5 degree resolution. The maxima differ by only 0.0053 
and could be made equal by going to an even higher resolution. The 
values of L'(V, x‘> vicinity of these four maxima are 

shown in Tables C2, C3, C4 and C5. 

When the vertical polarization value at 20° is also used, three 
of the maxima are dramatically reduced. The one 180° away is re- 
duced by more than a factor of 10 compared to the value at the "true" 
wind. Those not 180° away from the "true" value are reduced by 
about a factor of 100. At 30°, the new antenna vertical polarization 
measurement is often enough to permit the selection of the correct wind. 
The values of the normalized likelihood function in the vicinity of 
three of these maxima are shovm in Table C6, C7 and C8. 

The use of all six measurements further reduces the maxima for 
those speeds and directions that are not the correct values. The 
maximum 180° away from the true value is smaller by a factor of more 
than 1000. The values of the function in the vicinity of three of 
these maxima are shown in Table C9, CIO and Gll. 
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TABLE 

Cl EXAMPLES 

OF MLE VALUES FROM V~x FIELDS 

(The output values are 

speed, direction 

and the MLE value.) 


INPUT 12 

.0 M/S, 0° ASPECT ANGLE^ 


INCIDENCE ANGLES 39 , 30.5 

and 39'' 

V PAIR 

12.1 m/s 

8.5° 

0.9959 


12.6 m/s 

180.0° 

0.8165 

V PAIR + 20°V 

12.1 m/s 

354° 

0.9630 


12.5 m/s 

174.5° 

0.6615 

ALL SIX 

12.2 m/s 

353.5° 

0.8487 


13.1 m/s 

179.5° 

3.092 X 10*^ 


INPUT 12 

.0 m/s, 30° ASPECT ANGLE ^ 


INCIDENCE 

ANGLES 39 , 30.5 

and 39^^ 

V PAIR 

12.1 m/s 

31.5° 

1.002 


12.3 m/s 

326.0° 

1.002 


12.7 m/s 

153.0° 

0.9983 


12.9 m/s 

208.5° 

0.9967 

V PAIR + 20°V 

12.0 

32.0° 

0.8933 


13.3 

339.0° 

2.875 X lO""^ 


13.4 

o 

161.0 

9.434 X 10“^ 


13.0 

210.5° 

7.772 X 10'^ 

ALL SIX 

12.0 

31.5° 

0.7856 


13.3 

340.0° 

2.97 X 10~^ 


13.3 

206.0° 

3.159 X lO""^ 


> 13.6 

near 166° 

out of range (small) 



TABLE C2 NORN^LIZED LIKELIHOOD FUNCTION FOR A MAXIf-fUM AT 12.1 M/S, 

31.5 , OF 1.002, VERTICAL POLARIZATION PAIR. INPUT 12 M/S, 30° 



11.8 

11.9 

12.0 

12.1 

12.2 

12.3 

12,4 

12.5 

19.5 

. 4803*04 

. 1153-03 

. 2467-03 

, 4735-03 

. 8180-03 

. 1278-02 

. 1813-02 

. 2345-02 

20.0 

. 9361-04 

. 2171-03 

. 4494-03 

. 8345-03 

. 1396-02 

. 2114-02 

. 2908-02 

. 3650-02 

20.5 

. 1799-03 

, 4031-03 

, 8072-03 

. 1451-02 

, 2351-02 

, 3449-02 

. 4603-02 

, 5608-02 

21.0 

. 3402-03 

. 7370-03 

. 1428-02 

, 2484-02 

. 3899-02 

. 5546-02 

. 7180-02 

. 8493-02 

21 .5 

. 6323-03 

. 1325 - 02 ’ 

. 2483-02 

. 4183-02 

. 6363-02 

. 8777-02 

. 1103-01 

, 1267-01 

22.0 

. 1154-02 

. 2338-02 

. 4241-02 

. 6921-02 

. 1020-01 

. 1366-01 

. 1665-01 

. 1858-01 

22.5 

. 2063-02 

. 4045-02 

. 7105-02 

. 1124-01 

. 1607-01 

. 2086-01 

. 2471-01 

. 2680-01 

23.0 

. 3610-02 

. 6852-02 

. 1166-01 

, 1788-01 

. 2481-01 

. 3127-01 

. 3599-01 

. 3795-01 

23.5 

. 6175-02 

, 1136-01 

. 1873-01 

. 2786-01 

. 3752-01 

. 4595-01 

. 5140-01 

. 5272-01 

24.0 

. 1031-01 

. 1838-01 

. 2942-01 

. 4246-01 

. 5554-0 1 

. 6611-01 

. 7193-01 

. 7182-01 

24.5 

. 1680-01 

. 2905-01 

, 4511-01 

. 6324-01 

, 8040-01 

, 9308-01 

. 9857-01 

. 9585-01 

25.0 

. 2666-01 

. 4474-01 

. 6749-01 

. 9197-01 

.1137400 

. 1281+00 

. 1321+00 

. 1252*00 

25.5 

. 4118-01 

. 6713-01 

. 9843-01 

. 1305+00 

. 1570+00 

.1723400 

. 1732+00 

.1601 100 

26.0 

. 6184-01 

. 9801-01 

.1398400 

. 1804 + 00 

. 2115+00 

. 2263+00 

. 2219+00 

. 2002+00 

26.5 

. 9021-01 

. 1391 + 00 

. 1933*00 

.24304 00 

. 2778*00 

. 2900*00 

. 2777+00 

. 2447+00 

27.0 

. 1277+00 

. 1919 + 00 

. 2599+00 

. 3187+00 

« 3556 * 00 

. 3625+00 

. 3391+00 

. 2923+00 

27.5 

. 1754+00 

. 2570+00 

.3396400 

. 4066+00 

. 4431 *00 

. 4416+00 

. 4041*00 

.3409400 

28.0 

.2334 100 

. 3339 ♦ 00 

. 4309+00 

. 5043+00 

. 5376+00 

. 5243*00 

,4697400 

. 3882+00 

28.5 

.3009100 

. 4206100 

.5309400 

. 6080+00 

.6345400 

. 6062+00 

. 5323+00 

. 4314+00 

29.0 

.3753100 

. 5135+00 

. 6347+00 

. 7120 400 

, 7284+00 

. 6824*00 

. 5880+00 

. 4678+00 

29.5 

. 4529+00 

. 6072+00 

. 7358*00 

, 8097+00 

. 8128+00 

, 7477*00 

. 6328+00 

.4949400 

30.0 

. 5284+00 

, 6952+00 

, 8269*00 

. 3937+00 

. 8815*00 

. 7971+00 

.6636400 

, 5106+00 

30.5 

. 5958+00 

.7701100 

. 9005 f 00 

.9571400 

. 9238+00 

. 8267+00 

. 6777+00 

. 5137+00 

31 .0 

. 6489+00 

.8253400 

. 9499*00 

,9943400 

, 9506+00 

. 8339*00 

.6740400 

.5039400 

31 .5 

.6823100 

.8552400 

. 9704+00 

. 1002*01 

. 9447*00 

. 8179*00 

.6526400 

. 4819*00 

32.0 

.6921100 

, 8566+00 

. 9596*00 

. 9782*00 

,9115400 

. 7 77 V 4 00 

. 6152+00 

.4493400 

32 . 5 

. 6779+00 

.8290100 

,9184400 

.9260 100 

. 8537*00 

. 7229 * 00 

. 5645+00 

. 4082 + 00 

33.0 

. 6401+00 

.7751400 

.8504400 

.8494 400 

. 7 / 60+00 

. 6512*00 

. 5041 *00 

, 3615*00 

33.5 

.5828100 

. 6999*00 

.7617100 

, 7549*00 

. 6844*00 

, 5701 *00 

. 4361*00 

. 3120 * 00 

34.0 

, 5114+00 

. 6101 fOO 

. 6598*00 

. 6499*00 

• 58564 00 

, 4849*00 

. 3 / 05*00 

.2624 * 00 

34.5 

.4323100 

. 5134+00 

. 5526+00 

,5418400 

. 4860*00 

.4007400 

.3049400 

.2150400 

35.0 

.3520100 

. 4168+00 

, 4 i » 74+00 

.4373400 

.3912400 

. 3216*00 

.2441 400 

. 171 74 00 

35 . 5 

.2761100 

. 3265*00 

. 3500+00 

. 3417*00 

. 3053 * 00 

. 2507*00 

. 1901+00 

.1335400 

36.0 

.2084100 

. 2466*00 

. 2645+00 

. 2584+00 

.2310400 

. 1898 * 00 

. 1439+00 

. 1012400 

36.5 

.1514100 

. 1796+00 

,1931400 

. 1891400 

. 1694*00 

. 1 395 * 00 

. 1060 + 00 

. 7467-01 

37.0 

. 1058100 

. 1261+00 

. 1361+00 

.1339400 

. 1204*00 

.9954 -01 

. 7593-01 

, 5367-01 

37.5 

. 7106-01 

. 8525-01 

. 9265-01 

. 9165-01 

. 8293-01 

. 6893-01 

. 5207-01 

. 3757-01 

38 . 0 

, 4590-01 

. 5553-01 

. 6084-01 

. 6067 -01 

. 553 1 '0 1 

. 4632-01 

, 35 / 8-01 

. 2560-01 

38 . 5 

. 2849 - 01 . 

. 3483-01 

. 3855-01 

. 3882-01 

. 3572-01 

. 3019-01 

. 2353-01 

. 1698-01 

39 . 0 

. 1698-01 

. 2103-01 

. 2355-01 

. 2399-01 

. 2233- 01 

.1908 -01 

. 1503-01 

. 1096-01 

39.5 

. 9 / 20-02 

. 1221-01 

, 1387-01 

. 1433-01 

. 1351-01 

. 1 169-01 

. 9323-02 

. 6079-02 

40 . 0 

. 5339-02 

. 6819-02 

. 7874-02 

. 8259-02 

. 7908-02 

. 6944-02 

. 5616-02 

. 4200-02 

40.5 

. 2812-02 

. 3660-02 

. 4304-02 

, 4595-02 

, 4475 02 

. 3995-02 

. 3283-02 

. 2493-02 

41.0 

. 1420-02 

. 1887-02 

. 2265-02 

. 2466-02 

. 24 48 - '»2 

. 2225-02 

. 1861-02 

. 1438-02 

41.5 

. 6870-03 

, 9345-03 

. 1147-02 

. 1276-02 

. 1293-02 

. 1200-02 

. 1024-02 

. 8061-03 

42.0 

. 3182-03 

. 4440-03 

. 5583-03 

. 6360-03 

, 6597-03 

. 6258-03 

. 5454-03 

. 4306-03 

42.5 

. 1410-03 

. 2023-03 

. 2612-03 

. 3054-03 

. 324 / -03 

. 3156-03 

. 2816-03 

. 2316-03 

43.0 

. 5970-04 

. 8831-04 

. 3 174-03 

.141 1-03 

. 1542-03 

. I 53 f 5 -03 

. 1407-03 

. 1 186-03 

43.5 

, 2421-04 

. 3693-04 

, 5063-04 

. 6271 -04 

. 7053-04 

7237-04 

. 6805-04 

. 5890-04 


- C6 - 



TABLE C3 


NOR^IZED LIKELIHOOD FUNCTION FOR A MAXIMUM AT 12.3 M/S 
326 , OF 1.002. VERTICAL POLARIZATION PAIR. INPUT 
12 M/S, 30 . 



CO 

11.9 

12 . 0 

12.1 

12.2 

12.3 

12.4 

12.5 

310.0 

.6321-09 

.2196-08 

.6621-08 

.1743-07 

.4029-07 

.8233-07 

.1495-06 

.2426-06 

310.5 

.2573-08 

.8450-08 

.2411-07 

.6019* 07 

.1322-06 

.2570-06 

.4449-06 

.6892-06 

311.0 

.9850-08 

.3063-07 

.8294-07 

. 1967-06 

.4114-06 

.7627-06 

.1261-05 

.1868-05 

311.5 

.3548-07 

. 1047-06 

.2697-06 

.6094-06 

. 1216-05 

.2154-05 

.3407-05 

.4838-05 

312.0 

. 1204-06 

.3383-06 

.8300-06 

.1790-05 

.3414-05 

.5792-05 

.8785-05 

. 1198-04 

312.5 

.3856-06 

. 1033-05 

.2421-05 

.4995-05 

.9126-05 

.1485-04 

.2165-04 

.2840-04 

313.0 

. 1 ] 66t05 

.2985-05 

.6697-05 

. 1325- 04 

.2324-04 

.3636-04 

.5101-04 

.6451-04 

313.5 

. 3334-05 

.8177-05 

, 1760-04 

.3344-04 

.5643-04 

.8506-04 

.1151-03 

.1406-03 

314.0 

.9027-05 

,2125-04 

.4397-04 

.8044-04 

,1309-03 

.1904-03 

.2490-03 

.2942-03 

314.5 

.2316-04 

.5247-04 

. 1046-03 

. 1846-03 

.2900-03 

, 4081-03 

.5167-03 

.5920-03 

315.0 

.5640-04 

. 1232-03 

.2371-03 

.4044-03 

,6151-03 

.8386-03 

. 1030-02 

.1146-02 

315.5 

.1305-03 

.2754-03 

.5127-03 

.8473-03 

.1250-02 

. 1654-02 

. 1975-02 

,2138-02 

316.0 

.2871-03 

.5868-03 

. 1059-02 

. 1699-02 

.2435-02 

,3135-02 

. 3644-02 

.3845-02 

316.5 

.6017-03 

,1193-02 

.2093-02 

.3264-02 

.4554-02 

.5713-02 

.6479-02 

.6674-02 

317.0 

.1202-02 

.2318-02 

.3957-02 

.6014-02 

,8184-02 

.1002-01 

.1111-01 

. 1 119-01 

317.5 

.2292—02 ■ 

,4307-02 

,7171-02 

. 1064-01 

.1415-01 

.1695-01 

.1839-01 

. 1815-01 

318.0 

.4177-02 

.7662-02 

. 1247-01 

.1809-01 

.2355-01 

.2765-01 

.2941-01 

.2849-01 

318.5 

.7280-02 

, 1306-01 

.2081-01 

.2960-01 

.3779-01 

.4353-01 

.4549-01 

,4331-01 

319.0 

. 1215-01 

.2137-01 

.3339-01 

.4662-01 

,5843-01 

.6625-01 

.6811-01 

.6385-01 

319.5 

.1944-01 

.3357-01 

. 51 55-01 

.7078-01 

.8739-01 

.9749-01 

,9878-01 

.9132-01 

320.0 

.2983-01 

.5069-01 

. 7663-01 

. 1037+00 

.1262+00 

.1389+00 

. 1389+00 

.1268100 

320 . 5 

.4398-01 

.7365-01 

, 1098+00 

.1466+00 

.1763+00 

.1917100 

. 1895+00 

.1712+00 

321.0 

.6232-01 

, 1031+00 

.1518+00 

.2004+00 

.2383+00 

.2565100 

,2511 » 00 

.2247100 

321.5 

.8499-01 

.1390+00 

.2027+00 

,2649100 

.3121+00 

.33301U0 

. 3233 » 00 . 

,287l’lOO 

322.0 

. 1116 + 00 

.1809+00 

.2615100 

. 3390+00 

.3963100 

.4198 ICO 

.4048+00 

.3571100 

322.5 

.1413+00 

.2272F00 

.32v62100 

.4202100 

.4882+00 

.51 42100 

.4932100 

.4327100 

323.0 

.1725+00 

.2759+00 

.3939+00 

.5049+00 

.5839100 

.61231 00 

,5850 » 00 

.5116100 

323.5 

.2034+00 

.3239100 

.4607+00 

.5395100 

.6734+00 . 

.7095+00 

.6761+00 

.5900100 

324.0 

.2318+00 

.3681+00 

.5.224 + 00 

.6659+00 

,7664+00 

.8003100 

. 7618100 

.6640100 

324.5 

.2554+00 

,4051 +00 

.5744+00 

. 7319+00 

.3421 100 

.8793100 

.8372100 

.7300100 

325.0 

.2723+00 

. 4321 100 

.6132100 

.7819100 

.9007+00 

. 9 4 1 7 1 00 

.f1979+00 

.7842100 

325.5 

.281-1 + 00 

.4470100 

.6357+00 

.8125+00 

.9332+00 

.9835100 

.9403100 

.8236100 

326.0 

.2813100 

.4409100 

.6405+ 00 

,82,16100 

.9524100 

.1002101 

.962v)100 

.8460100 

326.5 

.2730100 

.4377+00 

.6276100 

.8091 100 

. 9 426 1 00 

. 99 70 1 00 

.9620100 

.8504100 

327.0 

.2572100 

.4140100 

.59841 00 

.7763100 

.9101 100 

.‘7>.8iMOO 

.7407100 

.8369100 

327 . 5 

,2352100 

.3822100 

* 55551 00 

. 7261100 

.8577100 

.91991 00 

.8999100 

.80*6100 

328.0 

.2091+00 

.3427100 

.5024100 

. 6625 1 00 

.7893100 

.8539100 

.8426100 

. 76 17100 

328.5 

. 1807+00 

.299 1 +00 

. 4430 + 00 

.5899+00 

. 7093 i 00 

.7754100 . 

. 7725100 

.7051 100 

329.0 

. 1520+00 

.254 4100 

.3809100 

.51281 00 

.6239100 

.6890100 

.6938100 

.6400100 

329.5 

. 1244 100 

.2109100 

.3196100 

,4356100 

.5363100 

.5993100 

.6107 100 

. 5699 1 Ow 

330.0 

.9928 01 

. 1 7<.'.100 

.2619100 

.3617100 

, 4:> 1 1 f 00 

. 5 1 0 7 1 OO 

. 52 70 1 00 

. 4‘->ij0 1 00 

330 . 5 

,7722-01 

. 1345100 

.2097+00 

.29371 00 

, 3 7 1 5 1 00 

.42*4 1 00 

.44*1 too 

.4 J/.MOO 

331.0 

.5059-01 

. 1037100 

. 1641100 

.2333100 

.29*76100 

.3490100 

. 3 705 100 

.3599100 

331.5 

.4340-01 

.7800-01 

.1256100 

-.1815100 

,2368100 

.2902100 

.3020100 

. 29 79 1 00 

332.0 

. 3140-01 

.5*748-01 

.9407-01 

. 1383100 

. 1835100 

.2207100 

.2418100 

.24241 00 

332.5 

.2220-01 

.4141-01 

.6900-01 

. 1033100 

. 1394100 

. 1 70 7 1 00 

. 190^100 

. 19.59 f 00 

333.0 

. 1536-01 

.2920-01 

.4959-01 

.7561-01 

. 10401 00 

. 1 296 1 00 

. 1 4 71 100 

. 1526 HjO 

333.5 

.1040-0 1 

.201 /-Ol 

.3494-01 

. 5 433-0 i 

.7619-01 

.9677-01 

.1119100 

. 11 *8 1 1 00 

334.0 

.6896-02 

.1366-01 

.2415-01 

.3832-01 

.5482-01 

.7101-01 

.0368-01 

01 

33 4.5 

.4483-02 

.9073-02 

. 1639-01 

.2655-01 

.3877-01 

.5126-01 

.6162-01 

,67.(>4-01 


- C7 - 



TABLE C4 normalized LIKELIHOOD FUNCTION. FOR A MAXIMUM AT 12.7 M/S, 153°, 
OF 0.9983. VERTICAL POLARIZATION PAIR. INPUT 12 M/S, 30°. 



12.2 

12.3 

12.4 

1 4 w.O 

, 5870-05 

. 1117-04 

. 1885-04 

140.5 

. 1387-04 

. 2578-04 

. 4249-04 

141.0 

. 3160-04 

, 5746-04 

. 9269-04 

14 1.5 

, 6946-04 

. 1237-03 

, 1956-03 

142.0 

, 1473-03 

. 2574-03 

, 3996-03 

14 2.5 

, 3011-03 

. 5174-03 

. 7896-03 

14 3.0 

. 5938-03 

, 1004-02 

, 1509-02 

143.5 

. 1129-02 

, 1883-02 

. 2791-02 

14 4.0 

. 2071-02 

. 3410-02 

, 4992-02 

144,5 

. 3661-02 

. 5963-02 

. 8636-02 

145.0 

. 6240-02 

. 1007-01 

. 1445-01 

145.5 

, 1026-01 

, 1642-01 

. 2338-01 

146,0 

. 1625-01 

, 2535-01 

. 3657-01 

146.5 

. 2482-01 

. 3929-01 

♦ 5533-01 

1 4 / . 0 

♦ 3655-01 

. 5767-01 

. 8093-01 

14 7.5 

. 5188-01 

. 8171-01 

, 1145+00 

148 .(J 

. 7102-01 

. 1118+00 

• 1565100 

148.5 

. 9373-01 

. 1477+00 

. 2070+00 

149.0 

♦ 1193100 

. 1885+00 

. 2647+00 

149.5 

. 1465+00 

. 2322+00 

, 3273+00 

150 . 0 

. 1734+00 

. 2764+00 

. 3915+00 

150.5 

, 1982+00 

. 3179+00 

. 4531+00 

1 li 0 

, 2186+00 

, 3533+00 

. 5073+00 

151 .5 

, 2328+00 

.3797 FOO 

.5499100 

152.0 

, 2395+00 

. 3945+00 

, 5770+00 

1 52 . 5 

♦ 2330+00 

. 3966+00 

, 5865+00 

1 53 . 0 

, 2287+00 

. 3859+00 

. 5776+00 

1 5 * 5 

, 2126+00 

. 3636+00 

. 5514+00 

154.0 

. 1913+00 

, 3319+00 

, 5 i 06+00 

15 4.5 

, 1667 + 00 

. 2938+00 

, 4589+00 

155.0 

. 1408+00 

. 2523+00 

, 4005+00 

155 . 5 

, 1154+00 

, 2104+00 

. 3396+00 

156.0 

♦ 9183-01 

, 1705+00 

. 2802+00 

156.5 

, 7101-01 

. 1344+00 

. 2249+00 

157 . P 

. 53 ^ 2-01 

. 1031+00 

. 1760+00 

1 a ^ 

; 3914-01 

. 7710-01 

, 1342 + 00 

i 58 .b 

. 2796-01 

. 5624-01 

♦ 9995-01 

15 ui 5 

, 1949 t 01 

. 4007-01 

. 7274-01 

159.0 

, 1328-01 

. 2792-01 

. 5179-01 

159 . 5 

, 3860-02 

. 1905-01 

, 3612-01 

160.0 

. 5791-02 

. 1274-01 

. 2470 - 0 i 

160^5 

. 3715-02 

. 8364-02 

. 1659-01 

161.0 

, 2342-02 

. 5399-02 

. 1096-01 

161.5 

, 1454-02 

. 3431-02 

, 7131-02 

162.0 

. 0894-03 

. 2150-02 

. 4575-02 

1 & 2.5 

. 5374-03 

. 1331-02 

. 2399-02 

163.0 

. 3212-03 

. 8147-03 

. 1817-02 

163,5 

. 1902-03 

. 4941-03 

. 1128-02 

164.0 

, 1113-03 

. 2974-03 

, 6952-03 

164,5 

. 6529-04 

. 1779-03 

, 4257-03 

165.0 

. 3799-04 

. 1060-03 

, 2596-03 

! / 5 . 5 

. 2205-04 

. 6297 -<M 

. 1578-03 

1 A 6 . 0 

. 1279-04 

. 3737-04 

. 9579-04 

166,5 

. 7426-05 

. 2220-04 

, 5818-04 

16^.0 

. 4324-05 

. 1322-04 

, 3540-04 

167.5 

. 2529-05 

. 7902-05 

. 2162-04 

168.0 

. 1489-05 

. 4751-05 

. 1323-04 

168.5 

. 3832-06 

. 2877-05 

. 8206-05 

169 . 0 

. 5290-06 

. 1759-05 

. 5115-05 

169.5 

. 3204 -06 

, 1086-05 

. 3220-05 

1 ,*o.o 

. 1965-06 

, 6786 - Ov ^ 

. 2050-05 

170.5 

. 1222-06 

. 4299-06 

. 1322-05 

17 1.0 

. 7723-0 7 

. 2763-06 

. 8643-06 

171.5 

. 4963-07 

, 1005-06 

. 5741-06 

172.0 

. 3249-07 

. 1201-06 

. 3877-06 

172.5 

. 2169-07 

. 8134-07 

, 2666-06 

173.0 

. 1479-07 

, 5622-07 

, 1868-06 


12,5 • 12.6 


. 2835-04 . 3820-04 
. 624 A -04 . 8232-04 
. 1334-03 . 1722-03 
. 2761-03 . 34 y 7'03 
. 5538-03 , 6890-03 
. 1076-02 . 1318-02 
. 2027-02 . 2445-02 
. 3697-02 . 4400-02 
. 6533-02 . 7685-02 
. 1118-01 . 1302-01 
. 1854-01 wn 39-01 
. 2977-01 , 3408-01 


. 4628-01 

. 5267-01 

. 6968-01 

. 7892-01 

. 1016+00 

. 1147+00 

. 1434+00 

. 1615+00 

, 1960+00 

. 2206+00 

. 2593+00 

, 2921 M 00 

, 3323+00 

. 3751+00 

. 4124+00 

.4670100 

. 4956+00 

,5638100 

. 5770+00 

. 6602+00 

♦ 6508+00 

. 7498100 

. 7113+00 

.8261 100 

. 7535+00 

. 8334+00 

. 7741+00 

. 9169+00 

. 7713+00 

. 9241+00 

, 7459+00 

. 9047+00 

, 7003+00 

. 8609+00 

♦ 6387+00 

. 7965+00 

. 5662+00 

. 7169+00 

. 4882+00 

. 6282+00 

. 4097+00 

.5362100 

. 3350+00 

. 4462+00 

, 2670+00 

. 3623+00 

i 2077+00 

, 2372+00 

. 1578+00 

.2225100 

. 1172+00 

.1687100 

. 8525-01 

, 1252 + 00 

. 6076-01 

. 9115-01 

. 4248-01 

. 6512-01 

. 2913-01 

. 4572-01 

. 1972-01 

. 3158-01 

. 1312-01 

. 2149-01 

. 8614-02 

. 1443-01 

. 5585-02 

. 9570-02 

. 3583-02 

, 6279-02 

. 2277-02 

. 4082-02 

. 1436-02 

. 2632-02 

. 3795-03 

. 1687-02 

. 5610-03 

. 1076-02 

. 3483-03 

, 6837-03 

. 2165-03 

. 4338-03 

. 1344-03 

. 2751-03 

. 8356-04 

. 1747-03 

, 5212-04 

. 1113-03 

. 3267-04 

. 7115-04 

. 2060-04 

. 4576-04 

. 13 C 9-04 

. 2965-04 

. G 399-05 

. 1937-04 

. 5445-05 

. 1279-04 

. 35 73-05 

. 8538-05 

. 2376-05 

. 5773-05 

. 1604-05 

, 3958-05 

. 1100-05 

. 2756-05 

. 7673-06 

. 1950-05 

. 5451-06 

. 1404-05 


12,7 

12.8 

, 463 7-04 

,509 7-04 

. y ;«()-04 

. 1053 03 

, 2005-03 

. 2116-03 

, 3995-03 

. 4139-03 

.7738 -03 

. 7881-03 

. 1456-02 

. 14 60 02 

, 2663-02 

. 2633-02 

32-02 

. 4619-02 

an 67-02 

; 7882 -02 

. 1369-01 

. 1308 01 

. 2230-01 

. 2112-01 

. 3527-01 

, 33 1 7-01 

. 5418-01 

, 5061-01 

. 8 080 -01 

. 7516-01 

. 1170+00 

. 1005+00 

, 1645+00 

. 1522+00 

. 2245+00 

. 2075+00 

. 2975+00 

. 2751+00 

.3827100 

.3545100 

. 4779+00 

.4410100 

. 5794+00 

.5406 100 

.6822100 

, 6398+00 

. 7800 » 00 

, 7362+00 

, 8661+00 

. 8238+00 

. 9344+ 00 

. E 1965 I 00 

. 9776+00 

.7490100 

. 9983+00 

. 9775+00 

, 9893+00 

. 9800+00 

. 9536+00 

.9567100 

, 8947+00 

. 9098+00 

. 8173+00 

, 8432+00 

, 7275+00 

.7620100 

. 6313+00 

. 6719+00 

. 5344 + Op 

,5784100 

, 4417+00 

; 4865100 

. 3567+00 

. 4000+00 

,2818100 

. 3219+00 

. 2178+00 

,2537100 

. 1650+00 

. 1960+00 

. 1226+00 

, 1186+00 

. 8945-01 

. 1 106+00 

. 6415-01 

. 0102-01 

. 4528- 01 

. 5841-01 

. 3150^01 

. 4151-01 

. 2162-01 

. 2911^01 

. 1466-01 

. 2017-01 

. 9833-02 

, 1383-01 

. 6535-02 

. 9390-02 

, 4309-02 

. 6327-02 

. 2823-02 

, 4235-02 

, 1840-02 

. 2020-02 

. 1 195-02 

. 1871-02 

. 7 / 45-03 

. 1238-02 

. 5017-03 

. 8188-03 

, 3252-03 

. 5417-03 

, 2114-03 

. 3591-03 

, 1379-03 

. 2309-03 

, 9041-04 

. 1596-03 

, 5969-04 

; 1071-03 

, 3972-01 

. 7 : 574^01 

. 2669-04 

. 4972-04 

, 1812-04 

. 3433-04 

, 1245-04 

. 2397-04 

. 8673-05 

. 1695-04 

, 6128-05 

. 1215-04 

, 4397-05 

. 8842-05 

, 3203-05 

. 6536-05 


12.9 

13.0 

5098-04 

. 4661-04 

1031-03 

. 9240-04 

2033-03 

. 1780-03 

3907-03 

. 3376-03 

7317-03 

, 6220-03 

1335-02 

. 1118-02 

, 2374-02 

. 1962-02 

, 4113-02 

. 3357-02 

, 6941-02 

. 5602^02 

, 1141-01 

♦ 9119-02 

, 1826-01 

. 1447-01 

. 2846-01 

. 2240-01 

. 4320-01 

. 3380-01 

. 6383-01 

. 4971-01 

. 9180-01 

. 7125-01 

. 1285+00 

. 9954-01 

. 1751 + 00 

. 1355+00 

. 2322+00 

. 1797+00 

.2997100 

. 2323+00 

.3764 100 

, 2925+00 

,4601100 

. 3588+00 

.5473100 

.4289100 

.6337100 

. 4996+00 

, 7 J 42+00 

. 5670+00 

, 7837+00 

. 6272+00 

.8374 100 

. 6763+00 

, 8715+00 

. 7109+00 

, 8837+00 

. 7288+00 

. 8733+00 

. 7288+00 

. 8415+00 

. 7113+00 

. 7909+00 

. 6776+00 

.7254100 

. 6305+00 

.6496100 

. 5732+00 

. 5684+00 

, 5096+00 

, 4862+00 

, 4431+00 

. 4069+00 

. 3773+00 

. 3335+00 

. 3147+00 

. 2678+00 

♦ 2573+00 

. 2109+00 

. 2065+00 

. 1630100 

. 1627+00 

. 1239 100 

, 1260+00 

. 9256-01 

, 9608-01 

. 6812-01 

. 7215-01 

. 4942-01 

. 5342-01 

, 3539-01 

. 3905-01 

. 2505-01 

. 2821-01 

. 1754-01 

, 2017-01 

. 1217-01 

. 1428-01 

. 0374-02 

. 1004-01 

, 5724-02 

. 7004-02 

. 3893-02 

. 4861-02 

. 2637-02 

. 3360-02 

. 3 781-02 

. 2316-02 

, 1202-02 

. 1594-02 

. 8132-03 

. 1097-02 

. 5484-03 

. 7560-03 

. 3710-03 

. 5222-03 

. 2532-03 

. 3621-03 

. 1733-03 

, 2524-03 

. 1195-03 

. 1771-03 

. 8310-04 

. 1252-03 

.5832 04 

. 8927-04 

. 413*7 r 04 

. 6431-04 

. 2970-04 

, 4605-04 

. 2160-04 

. 3455-04 

. 1593-04 

. 2582-04 

. 1192-04 

. 1958-04 


- C8 - 



TABLE C5 NORMALIZED LIKELIHOOD FUNCTION FOR A MAXIMUM AT 12.9 M/S, 

208.5 OF 0.9967. VERTICAL POLARIZATION PAIR. INPUT 12 M/S, 30 . 


12.4 


1 95 . 0 

. 1157-03 

1 95 , 5 

. 1805-03 

196.0 

. 2808-03 

1 9 /^ . 5 

. 4348-03 

197.0 

. 6695-03 

I 9:'.5 

. 1024-02 

198.0 

. 1554-02 

1 98 , 5 

. 2330-02 

199,0 

. 3482-02 

199.5 

. 5129-02 

200.0 

. 7465-02 

200 . 5 

. 1073-01 

20 1 . 0 

. 1520-01 

20 t . 5 

. 2122-01 

202.0 

. 2917-01 

202.5 

. 3944-01 

20 3.0 

. 5241-01 

203.5 

. 6840-01 

204.0 

. 8760-01 

204.5 

. 1100*00 

205.0 

. 1354*00 

205 . 5 

. 1632+00 

206.0 

. 1925+00 

206.5 

. 2221+00 

207.0 

. 2505+00 

207.5 

. 2761+00 

200.0 

. 2971+00 

208.5 

. 3120+00 

209.0 

. 3197*00 

209.5 

. 3193+00 

210.0 

. 3109+00 

210.5 

. 2949*00 

211.0 

. 2725*00 

211.5 

. 2450*00 

212.0 

. 2144*00 

212.5 

. 1825* 00 

213.0 

. 1510* 00 

213.5 

. 1215+00 

214.0 

. 9495-01 

214.5 

. 7210-01 

215.0 

. 5315-01 

2 * 5.5 

. 3804-01 


12.5 12.6 12.7 


*26^1 -OS 

,U)6S‘-0S 

. A ' J 07-03 

. V 440-03 

* 1428-02 

. 2146-02 

. 3200-02 

. 4731-02 

. 6926-02 

. 1003-01 

. 1436-01 

. 2030-01 

. 2832-01 

. 3893-01 

. S 272-01 

. 7025-01 

. 9206-01 

. 1 185+00 

. 1499+00 

. 1860+00 

. 2262 K )0 

. 2697+00 

. 3150+00 

. 3601 fOO 

. 4026 f 00 

. 4403+00 

. 4705 f 00 

. 4 Vl 2 fOO 

. 5006 f 00 

. 4980^00 

. 4834+00 

. 4575*00 

. 4220*00 

. 3794+00 

. 3322*00 

. 2833*00 

. 2352+00 

. 1899*00 

. 1492*00 

. 1140+00 

. 0469-01 

. 6114-01 


. 5378-03 
. 8099-03 
. 1216-02 
. 1817-02 
. 2701-02 
, 3988-02 
. 5846-02 
. 8495-02 
. 1223-01 
. 1742-01 
. 2454-01 
. 3413-01 
. 4687-01 
. 6347-01 
. 8468-01 
. 1112+00 
. 1438+00 
. 1827+00 
. 2281+00 
. 2796+00 
. 3363+00 
. 3968+00 
. 4587+00 
. 5195+00 
. 5761+00 
. 6251+00 
. 6634+00 
. 6885+00 
. 6982+00 
. 6916*00 
. 6690*00 
. 6317+00 
. 5820+00 
. 5231+00 
. 4583+00 
. 3915+00 
. 3259*00 
. 2642+00 
. 2086*00 
. 1604+00 
. 1200+00 
. 8733-01 


. 9714-03 
. 1438-02 
. 2121-02 
. 3116-02 
. 4552-02 
. 6608-02 
. 9522-02 
. 1361-01 
. 1926-01 
. 2700-01 
. 3742-01 
. 5124-01 
. 6929-01 
. 9242-01 
. 1215+00 
. 1574+00 
. 2007+00 
. 2518+00 
. 3105*00 
. 3761+00 
. 4473+00 
. 5222+00 
. 5978*00 
. 6709*00 
. 7377*00 
. 7944+00 
. 0375+00 
. 8639*00 
. 8717*00 
. 8599+00 
. 8291 *00 
. 7810+00 
. 7186*00 
. 6455*00 
. 5659*00 
. 4842+00 
. 4040+00 
. 3208*00 
. 2608*00 
. 2017+00 
. 1519*00 
. 1115+00 


12.8 


. 1570-02 
. 2284-02 
. 3313-02 
. 4784-02 
. 6872-02 
. 9809-02 
. 1390-01 
. 1954-01 
. 2721-01 
. 3753-01 
. 5119-01 
. 6903-01 
. 9194-01 
. 1209*00 
. 1567+00 
. 2001+00 
, 2518+00 
.31 UI + 00 
. 3798+00 
. 4548+00 
. 5350+00 
. 6101+00 
. 7007+00 
. 7794 + 00 
. 8500+00 
. 9085+00 
. 9514+00 
. 9757+00 
. 9795*00 
. 9622+00 
. 9247*00 
. 8690*00 
. 7984 *00 
. 7168*00 
. 6288*00 
. 5367+00 
. 4507+00 
. 3600+00 
. 2933+00 
. 2280*00 
. 1729+00 
. 1279+00 


12.9 

. 2280-02 
. 3263-02 
. 4654-02 
. 6610-02 
. 9338-02 
. 1311-01 
. 1827-01 
. 2527-01 
. 3464-01 
. 4702-01 
. 6315-01 
. 8388-01 
.1101+00 
. 1426*00 
. 1823+00 
. 2297*00 
. 2852*00 
. 3488+00 
. 4198*00 
. 4969*00 
. 5783*00 
. 6612+00 
. 7426*00 
. 8187*00 
. 8856*00 
. 9397+00 
. 9775*00 
. 9967+00 
. 9956*00 
. 9740+00 
. 9330*00 
. 8747+00 
. 8024*00 
. 7200*00 
. 6319*00 
. 5421+00 
. 4546+00 
. 3724+00 
. 2981*00 
. 2330*00 
. 1779*00 
. 1325+00 


13.0 

. 2992-02 

. 4212-02 

. 5910-02 

. 8256-02 

. 1147-01 

. 1585-01 

. 2174-01 

. 2958-01 

. 3992-01 

. 5335-01 

. 7057-01 

. 9234-01 

. 1194*00 

. 1525+00 

. 1923+00 

. 2391+00 

. 2932+00 

. 3541+00 

. 421 1 * 00 

. 4929+00 

♦ 5676+00 

. 6425*00 

. 7148*00 

. 7813*00 

. 0384+00 

. 0832+00 

. 9128*00 

.9254 *00 

. 9198*00 , 

. 8962*00 

. 8557*00 

. 0003+00 

. 7331+00 

.6574 *00 

. 5771*00 

.4957100 

. 4166*00 

. 3424*00 

. 2752+00 

. 2163+00 

. 1661+00 

. 1247+00 


13.1 

. 3562-02 
. 4934-02 
. 6812-02 
. 9364-02 
. 1281-01 
. 1741-01 
. 2350-01 
. 3149-01 
. 4183-01 
. 5507-01 
. 7177-01 
. 9254-01 
. 1180+00 
. 1486+00 
. 1848+00 
. 2269+00 
. 2746+00 
. 3277+00 
. 3853+00 
. 4460+00 
. 5082+00 
. 5697+00 
. 6280+00 
. 6805+00 
. 7246+00 
. 7578*00 
. 7782*00 
. 7845+00 
. 7760*00 
. 7531+00 
. 7167+00 
. 6687*00 
. 6116*00 
. 5481*00 
. 4813*00 
. 4139*00 
. 3486+00 
. 2874+00 
. 2319*00 
. 1832+00 
. 1415*00 
. 1069+00 


13.2 

. 3864-02 
. 5268-02 
. 7158-02 
. 9686-02 
. 1304-01 
. 1745-01 
. 2320-01 
. 3061-01 
. 4005-01 
. 5194-01 
. 6670-01 
. 8478-01 
. 1066+00 
. 1324+00 
. 1625+00 
. 1970+00 
. 2355+00 
. 2777+00 
. 3228+00 
. 3697+00 
. 4169+00 
. 4629+00 
. 5057+00 
♦ 5434+00 
. 5741+00 
. 5963+00 
♦ 6085+00 
. 6101+00 
. 6006+00 
. 5805+00 
. 5507+00 
. 5126+00 
. 4681+00 
. 4192+00 
. 3602*00 
. 3170*00 
. 2675+00 
. 2212*00 
. 1792*00 
. 1422+00 
. 1105+00 
. 0408-01 


13.3 

. 3834-0 
. 5147-0 
. 6887-0 
. 9175-0 
. 1216-01 
. 1603-01 
. 2099-01 
. 2728-01 
. 3517-01 
. 4494-01 
. 5690-01 
. 7131-01 
. 8842-01 
. 1084+00 
. 1314+00 
. 1572+00 
. 1857+00 
. 2164+00 
. 2488*00 
♦ 2819+00 
. 3147+00 
. 3461+00 
. 3748+00 
. 3995*00 
. 4189+00 
. 4321+00 
. 4383*00 
. 4370*00 
. 4282*00 
. 4122*00 
. 3890+00 
. 3620+00 
. 3301+00 
. 2954*00 
. 2595+00 
. 2236*00 
. 1091 *00 
. 1568+00 
. 1275*00 
. 1016+00 
. 7943-01 
. 6083-01 
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TABLE C6 


NORMALIZED LIKELIHOOD FUNCTION FOR A MAXIMUM AT 12.0 M/S, 
32° OF 0.8933 VERTICAL POLARIZATION PLUS 20° BEAM. 



INPUT 

12 M/S, 

04 

O 

C 






11.7 

11.8 

11.9 

12,0 

12.1 

12,2 

12.3 

10.0 

. 1962-<'5 

.5547-05 

. 1 348-04 

.2835-04 

.5192-0 4 

.8330- 04 

.1178-03 

IG.G 

.4000-05 

. 1115 04 

.2617 04 

.5318-04 

♦9417-04 

. 1462-03 

.2002- 03 

1 V . 0 

.8442 • 05 

.'.!2 22-04 

.5036-04 

.989:1 -0 4 

. 1694-03 

.2546-03 

.3376- 03 

1 V . Li 

. 1725-04 

. 4383 04 

.9*594-0 4 

.1821-03 

.3010-03 

. 43/0-03 

.5639-03 

. i) 

.3480-04 

.8539-04 

. 1806-03 

.3316-03 

.5316-03 

. 7487-03 

. 9321 -03 

JO.’i 

.6925-04 

, 1.641 03 

. 3356-03 

.5959-03 

. 9246 -03 

.1262-02 

. 1522-02 

21 .0 

. 1357-05 

.31 07-03 

.6143-03 

. 1056-02 

.1586 02 

. 209 7- 02 

♦2454-02 

LM.L'i . 

.2612-03 

.5784-03 

.1106-02 

.1841-02 

.2680-02 

.3435-02 

. 3899 -02 

22*0 

. 4936-03 

. 1057-02 

. 1958-02 

.31'56-02 

.4453-02 

.5537-02 

.6102-02 

'2 2 * \j 

.91 40- 03 

.1896-02 

.3401-02 

.5312-02 

.7271-02 

.(3775-02 

,9392-02 

23 . 0 

.1656-02 

. 3328-02 

.5787-02 

,8769-02 

. 1165-01 

. i:566 -01 

.1421-01 

23. '5 

.2933-02 

.5714-02 

.9640-02 

. 1418-01 

, 1 830-01 

.2085--OI 

.2110-01 

24.0 

.5070-02 

.9584-02 

. 1570-01 

.22-43-01 

.2815-01 

.3120-03 

.3072-01 

2 4 . t3 

.8542-02 

.1568-01 

.2497-01 

.3470-01 

.4236-01 

.4571-01 

.4385-01 

25 . 0 

. 1401-01 

.2501-01 

.3874-01 

.5240-01 

. 6230-01 

. 6551 - 0 1 

.6129-01 

25 . 5 

. B 235- 01 

.3884-01 

.5857-01 

.7720-01 

.8948-01 

.9179-01 

.8381-01 

26,0 

.3464- 01 

.5864 01 

.8623-01 

.1109+00 

.1254+00 

.1256+00 

.1121+00 

2A . 5 

. 5208 -01 

.8604-01 

.1235)00 

, 1550+00 

.1714+00 

, 1678+00 

.1464+00 

2/.0 

. 7593-0). 

.1225)00 

. 1719+00 

.2110+00 

.2282+00 

.21 86+00 

. 1868)00 

27.5 

. 10/2)00 

, 1692+00 

.2323)00 

.2792+00 

.2957+00 

.2777+00 

.2326+00 

2G.0 

.1465+00 

.2265+00 

.3048)00 

.3591+00 

,3730+00 

.3437+00 

.2826)00 

28.5 

. 1936+00 

.2937)00 

.3877+00 

,4485+00 

. 4575+00 

.4142+00 

.3347+00 

29.0 

. 2471)00 

.3683+00 

.4780+00 

. 5436+00 

.5454+00 

. 4858)00 

.3363+00 

29.5 

.3045+00 

. 4467)00 

.5707+00 

.6391+00 

,6316+00 

.5542+00 

.4344)00 

30.0 

.3620+00 

,5236 )00 

.6596+00 

.7205+00 

.7102)00 

.6149+00 

.4750)00 

30.5 

.4150+00 

.5928)00 

.7375)00 

.8046+00 

,7751+00 

.6632+00 

.5072)00 

31.0 

.4584)00 

,6477+00 

.7972+00 

.0608+00 

.8205+00 

. 6950 ) 00 

.5262+00 

51 .5 

. 4){74)00 

.6827)00 

.8329+00 

.8914)00 

.8421+00 

.7074 ) 00 

.5311+00 

32.0 

.4938)00 

,6937)00 

.8405)00 

.8933)00 

.8383)00 

.6-"72 + 00 

.5213)00 

32.5 

.4910)00 

.6794+00 

.8189+ 00 

.8658)00 

.8081+00 

.6707 )00 

.4975+00 

33.0 

.4645)00 

.6408)00 

.7699)00 

,fU 14)00 

. 71.5 1)00 

i6244)00 

,4616+00 

3.5.5 

.4222+00 

.5018)00 . 

.6983)00 

.7349)00 

.6829)00 

.5638)00 

.4161+00 

34.0 

.3684)00 

.5083)00 

.6105)00 

.6430)00 

.5978)00 

.4937)00 

.3644)00 

34.5 

.3085)00 

. 4 270)00 

.5145)00 

.5433)00 

.5063+00 

.4191 fOO 

. 3100+00 

35.0 

.2478)00 

.3448)00 

.4176)00 

.4431 )00 

. 4 1 48 )00 

,3447+00 

.2560)00 

35.5 

. r;o7)oo 

.2675+00 

.3263)00 

.3487)00 

.3285+00 

.2747)00 

.2051)00 

36.0 

.1406)00 

. 1993+00 

.2454)00 

.2646)00 

. 25 1 4+00 

.2120+00 

.1595+00 

36.5 

.9929-01 

.1424+ 00 

.1775)00 

. 1935)00 

. 1859+00 

.1583)00 

.1203+00 

37.0 

.6 706-01 

.9764-01 

. 1234)00 

. 1364)00 

.1327+00 

. 1 144+00 

.8799-01 

37.5 . 

.4331 01 

.6415 01 

.0242-01 

.9254-01 

.9140-01 

. 7997-01 

.6235-01 

30.0 

.26/2 - 01 

.4037 01 

.5286-01 

.6043-01 

.60/3-01 

.5402-01 

.4280-01 

50.5 

.1574-01 

.2432-01 

.3253-01 

.3/95-01 

.3890-01 

.3526-01 

,2045-01 

39.0 

,0848-02 

. 1 401-01 

. 1919-01 

. 2291-01 

.2400-01 

.2222-01 

. 1029-01 

39.5 

.4740 -02 

.7715-02 

. 1085-01 

. 1320-01 

.1426-01 

,1351-01 

.1138-01 

^0 . 0 

, 24 1 9 -02 

. 40*../ -02 

.5873-02 

. /393 -02 

\ 8 1 5 2 -02 

. / r'26 - 02 

.604O-O'2 

40.5 

. 1175 0 ’ 

. 20.16 -02 

.3041-02 

.3946-02 

. 4 4/ V-02 

. 447 /-02 

.3971-02 

41.0 

.5423 -03 

.9/37-03 

. 1505-02 

, 20 18-02 

.23.^5-02 

.2438-02 

.2225-02 

41.5 

.2373-03 

.4436-03 

.7114-03 

.9083-03 

.1198-02 

.1276-02 

.1202-02 


CIO 



TABLE C7 NORMALIZED LIKELIHOOD FUNCTION FOR A MAXIMUM AT 13.3 M/S 
339° OF 2.875 x lO"^ VERTICAL POLARIZATION PLUS 
20 BEAM. INPUT 12 M/S, 30°, 



13.0 

13.1 

13.2 

13.3 

13,4 

13.5 

13.6 

XM ) . 0 

. 1958-06 

.3986-06 

.7049-06 

. 1090-05 

.1484-05 

.1789-05 

. 1921-05 


.4209-06 

.8238-06 

.1403-05 

.2094-05 

.2754-05 

.3212-05 

.3342-05 

XM .0 

.8593-06 

.1621-05 

.2664-05 

.3J342-05 

.4892-05 

.5531-05 

. 5587—05 


. 1668-05 

.3037-05 

.4328-05 

.6743-05 

.8325-05 

.9142-05 

.8978-05 


.3082-05 

.5429-05 

.8360-05 

.1133-04 

. 1359-04 

. 1451-04 

.1388-04 

3S2.:j 

.5426-05 

.9263-05 

.1334-04 

.1823-04 

.2128-04 

.2215-04 

.2067-04 


.9112-05 

.1510-04 

.2195-04 

.2814-04 

.3203-04 

.3254-04 

.2967-04 

3X3, •j 

. 1461-04 

.2356-04 

.3335-04 

.4170-04 

.4634-04 

.4602-04 

.4107-04 

Ji KO 

.2240-04 

.3520-04 

.4861-04 

.5939-04 

.6454-04 

.6276-04 

.5488-04 

3 3‘KS 

.3287-04 

.5041-04 

.6805-04 

.8135-04 

•8660-04 

.8257-04 

.7088-04 

335.0 

.4621-04 

.6930-04 

.9159-04 

. 1073-03 

.1121-03 

. 1049-03 

.8854-04 

.535 ♦ 5 

.6233-04 

.9156-04 

.1186-03 

.1364-03 

.1400-03 

.1239-03 

.1071-03 

336,0 

.8076-04 

.1164-03 

. 1431-03 

. 1674-03 

. 1690-03 

. 1533-03 

.1255-03 

336.5 

.1006-03 

.1425-03 

. 1783-03 

. 1984-03 

.1974-03 

.1765-03 

. 1426-03 

3.5;’,0 

.1208-03 

.1682-03 

. 2073-03 

.2274-03 

.2232-03 

. 1971-03 

. 1571-03 

3 3 . 5 

.1397-03 

. 1918-03 

.2331-03 

.2524-03 

.2447-03 

.2136-03 

.1608 -03 

33U.0 

. 1561,-03 

.2114-03 

.2537-03 

.2715-03 

.2604-03 

. 2250-03 

. 1761-03 

338.5 

.1686-03 

.2255-03 

.2677-03 

.2035-03 

.2692-03 

.2306-03 

.1789-03 

339.0 

. 1763-03 . 

.2332-03 

.2741-03 

. 2875-03 

.2708-03 

.2300-03 

. 1772-03 

3 39. 5 

. 1 786-03 

.2341-03 

.2726-03 

.2837-03 

.2651-03 . 

.2237-03 

.1712-03 

3 40. 0 

. 1757-03 

.2284-03 

.2639-03 

.2726-03 

.2531-03 

.2123-03 

. 1616-03 

3 |0.5 

. 1680-03 

.2163-03 

.2483-03 

. 2555-03 

.2359-03 

. 1969-03 

. 1492-0.5 

3 11.0 

.1564-03 ■ 

.2005-03 

.2283-03 

,2337-03 

.2140-03 

. 1706-03 

.1319-03 

341.5 

. 1419^03 

. 1 809-03 

.2055-03 

V 2090-03 

. 1914-03 

.1586-03 

.1194-03 

342.0 

.1257-03 

.'1595-03 

. 1805-03 

.1829-03 

.1671-03 

. 1381 -03 

. 1038-03 

3 12.5 

.1089-03 

. 1376-03 

.1552-03 

. 1569-03 

.1430-03 

.1180.-03 

.8858-04 

343.0 

.9223-04 

.1163-03 

.1309-03 

. 1321-03 

.1202-03 

.9909-04 

.7433-04 

3 13 . 5 

.7670-04 

.<3640-04 

. 1084-03 

. 1092-03 

.9934-04 

.8186-04 

.6141 -04 

344.0 

.6259-04 

.7862-04 

.8822-04 

.0839-04 

.8031-04 

.6661-04 

.5000-04 

344.5 

.5023-04 

.6303-04 

.7070-04 

.7124-04 

.6400-04 

.5345-04 

.4016-04 

345.0 

.3969-04 

.4980-04 

.5506-04 

.5632-04 

.5127-04 

.4234-04 

.3187-01 

345 . 5 

.3094-04 

.3392-04 

.4358-04 

. 4393-04 

.4009-04 

.3316-04 

.2501-04 

346.0 

.2381-04 

.2990-04 

.3360-04 

.3396-04 

.3101-04 

.2571-04 

.1943-04 

346.5 

.1813-04 

.2279-04 

.2565-04 

.2597-04 

.2376-04 

. 1974-04 

.1496-04 

347.0 

.1368-04 

,1722-04 

. 1941-04 

.1969-04 

.1806-04 

« 1 505—04 

.1144-04 

347.5 

. 1024-04 

.1291-04 

.1458-04 

, 1482-04 

.1363-04 

.1139-04 

.0683-05 

343.0 

.7611-05 

.9614-05 

. 1038-04 

.1109-04 

.1023-04 

.8574-05 

• 6553— 05 

348.5 

.5631-05 

.7127-05 

. 8086-05 

.8265-05 

.7644-05 

.6427-05 

.4932-05 

3 17.0 

.4151-05 

.5265-05 

.5988-05 

.6137-05 

.5694-05 

.4802-05 

.3698-05 

34 V. 5 

.3054-05 

.3801-05 

.4426-05 

,4548-05 

.4232-05 

.3581-05 

.2767-05 

350.0 

.2245-05 

.2859-05 

.3269-05 

.3368-05 

.3144-05 

.2669-05 

.2069-05 

350.5 

. 1 651—05 

.2108-05 

.2415-05 

.2496-05 

.2336-05 

. 1990-05 

.1548-05 

351 .0 

.1217-05 

.1557-05 

. 1 709-05 

.1852-05 

.1739-05 

.1485-05 

.1159-05 

35 1.5 

.9000-06 

. 1 153-05 

.1328-05 

.1379-05 

.1298-05 

.1112-05 

.8704-06 

352.0 

.6687-06 

. 8535-06 

.9902-06 

,1031-05 

.9725-06 

. 0353 — 06 

. 6558—06 

352 . 5 

.4998-06 

.6427-06 

. 7425-06 

.7744-06 

.7323-06 

.6305-06 

.4963-06 

353.0 

.3763-06 

,484 4-06 

.5605-06 

.5856-06 

.5548 -06 

. 4 787-06 

.3777-06 

353 . 5 

.2857-06 

.36.8 1-06 

. 4 ;.'64-0'6 

. 4461-06 

.4233-06 

. 3659-06 

.2093-06 

354,0 

.2190-06 

.2323-06 

. 3272-06 

.3427-06 

.3256-06 

.2819-06 

.2232-06 

354 • 5 

.1697-06 

.2187-06 

.2536-06 

.2658-06 

.2527-06 

.2190-06 

. 1736-06 

355 . 0 

. 1 330 - 06 

. 1 714-06 

.1987-06 

.2003-06 

. IVGl -06 

.1718-06 

.1363-06 

355 . 5 

. 1 056-06 

.1360-06 

. 1576-06 

. 1651-06 

. 1570-06 

.1362-06 

.1081-06 

356.0 

.8500-07 

.1093-06 

.1265-06 

. 1324-06 

.1259-06 

. 1091-06 

.8661-07 

356.5 

.6743-07 

.0909-07 

.1030-06 

. 1076-06 

. 1022-06 

. 8851-07 

. 7020 - 0 / 
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TABLE C8 NORMALIZED LIKELIHOOD FUNCTION FOR A MAXIMUM AT 13.4 M/S, 

161° OF 9.434 X 10"2 VERTICAL POLARIZATION PLUS 20 DEGREE 
BEAM. INPUT 12 M/S, 30 . 
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TABLE C9 NORMALIZED LIKELIHOOD FUNCTION FOR A MAXIMJM 


AT 12.0 H/S 
MENTS. 


31.5 OF 


31.5 - 


♦2103-10 
.6134-10 
♦ 1791-09 
.5220-09 
. 1516-08 
.4373-08 
.1250-07 
.3535-07 
.9854-07 
.2702-06 
.7272-06 
.1916-05 
.4929-05 
.1235-04 
.3011-04 
.7116-04 
. 1628-03 
.3596-03 
.7656-03 
.1568-02 
.3082-02 
.5804-02 
.1045-01 
.1798-01 
.2946-01 
.4593-01 
.6802-01 
.9554-01 
.1271+00 
.1598+00 
.1898+00 
. 2126+00 
.2242+00 
.2224+00 
.2071+00 
. 1809+00 
.1481+00 
.1134+00 
.8112-01 
.5417-01 
.3371-01 
.1953-01 
.1052-01 
.5258-02 
.2437-02 
. 1046-02 
.4151-03 
.1521-03 
.5136-04 
. 1597-04 
♦ 456 1 —05 
.1196-05 
.2870-06 
.6300-07 
. 1262-07 
.2304-08 
.3825-09 
.5763-10 
.7866-11 
.9705-12 
.1080-12 
.1083-13 
.9747-15 
.7867-16 
.5680-17 
.3660-18 
.2101-19 
.1072-20 
.4848-22 
.1941-23 
.6860-25 
.2137-26 
.5852-28 
.1407-29 
.2962-31 
.5452-33 
.0761-35 
.1227-36 


.1231-09 
.3424-09 
.9532-09 
.2650-08 
.7338-08 
.2019-07 
.5509-07 
. 1486-06 
.3956-06 
.1036-05 
.2666-05 
.6717-05 
.1654-04 
.3973-04 
.9284-04 
.2107-03 
.4633-03 
.9850-03 
. 2021-02 
.3995-02 
.7593-02 
.1385-01 
.2420-01 
♦4046-01 
.6457-01 
.9827-01 
.1424+00 
. 1961 + 00 
.2563+00 
.3176+00 
.3727+00 
.4134+00 
.4330+00 
.4277+00 
.3980+00 
.3484+00 
.2866+00 
.2213+00 
.1602+00 
.1086+00 
.6885-01 
.4078-01 
.2253-01 
.1160-01 
.5559-02 
.2476-02 
.1023-02 
.3921-03 
.1391-03 
.4558-04 
.1379-04 
.3842-05 
.9848-06 
.2318-06 
.5003-07 
.9882-08 
♦ 1 783—08 
.2933-09 
.4390-10 
.5968-11 
.7354-12 
.8197-13 
.8247-14 
.7475-15 
♦6089-16 
.4449-17 
.2909-18 
.1699-19 
.8843-21 
.4093-22 
.1681-23 
•6113-25 
.1964-26 
.5568-28 
.1389-29 
.3046-31 
.5056-33 
.9859-35 


.5586-09 
. 1483-08 
. 3939-00 
. 1045-07 
.2761-07 
.7253-07 
.1889-06 
.4867-06 
.1237-05 
. 3098-05 
♦7622-05 
. 1838-04 
.4336-04 
.9902-04 
.2238-03 
.487 V. -03 
♦1032-02 
. 2112-02 
.4179-02 
.7977-02 
. 1466-01 
. 2591-01 
.4394-01 
.7140-01 
.1110+00 
. 1649+00 
.2337+00 
♦3156+00 
.4055+00 
.4950+00 
.5736+00 
.6300+00 
.6552+00 
.6444+00 
.5983+00 
.5250+00 
.4338+00 
.3376+00 
.2470+00 
.1699+00 
.1096+00 
.6627-01 
.3753-01 
.1987-01 
.9829-02 
.4535-02 
.1950-02 
.7799-03 
.2899-03 
.9999-04 
.3195-04 
.9447-05 
.2580-05 
♦6498-06 
.1507-06 
.3211-07 
.6278-08 , 

.1124-08 , 

.1840-09 . 

.2748-10 
.3736-11 
.4615-12 
.5171-13 
.5243-14 
.4801-15 
.3961-16 
.2939-17 
.1957-18 
.1167-19 
.6216-21 
. 2952-22 
. 1248-23 
.4682-25 
.1557-26 
•4501-28 
.1190-29 
•2723-31 
.5482-33 


3UT 12 

M/s, 30 

12.0 

.1985-08 

.5577-08 

.5031-08 

.1351-07 

.1276-07 

.3275-07 

.3233-07 

.7927-07 

.8159-07 

.1912-06 

♦2047-06 

.4584-06 

.5092-06 

.1090-05 

.1254-05 

.2567-05 

.3048-05 

.5.968-05 

.7298-05 

.1368-04 

.1718-04 

.3083-04 

.3967-04 

.6822-04 

.8963-04 

.1479-03 

.1980-03 

.3134-03 

.4263-03 

♦6481-03 

.8931-03 

.1305-02 

.1817-02 

.2557-02 

.3584-02 

.4860-02 

.6040-02 

.8951-02 

.1261-01 

. 1595-01 

♦2242-01 

.2745-01 

.3840-01 

♦4556-01 

.6321-01 

.7282-01 

.9989-01 

.1119+00 

.1513+00 

.1653+00 

.2195+00 

.2341+00 

.3043+00 

.3175+00 

.4029+00 

.4122+00 

.5086+00 

.5114+00 

.6117+00 

.6050+00 

6999+00 

.6844 + 00 • 

7611+00 

.7366+00 

7856+00 ^ 

.7546+00 

7691+00 

.7350+00 

7132+00 

.6801+00 


0^7856 ALL SIX ^EASURE- 


.6260+00 
.5194+00 
.4069+00 
.3008+00 
.2096+00 
. 1375+00 
.8483-01 
.4917-01 
.2674-01 
.1364-01 
♦6509-02 
.2906-02 
. 1212-02 
.4712-03 
.1707-03 . 
.5752-04 
. 1800-04 
.5226-05 
.1405-05 
♦3491-06 
.8007-07 
.1692-07 
.3289-08 
.5869-09 
.9596-10 
.1435-10 
.1959-11 
.2435-12 
.2752-13 
.2822-14 
.2620-15 
.2197-16 
. 1661-17 
.1130-18 
.6896-20 
.3771-21 
. 1844-22 
,8041-24 
3123-25 
1078-26 
3299-28 
8941-30 
2142-31 


.5972+00 
.4971+00 
.3920+00 
.2925+00 
.2064+00 
.1375+00 
.8647-01 
.5124-01 
.2860-01 
.1501-01 
.7403-02 
.3427-02 
.1437-02 
.6040-03 
.2294-03 
.8135-04 
.2690-04 
.8283-05 
.2371-05 
.6300-06 
. 1551-06 
.3534-07 
.7436-08 
.1442-08 
.2575-09 
.4221-10 
• 6345— 1 1 
.8725-12 
.1095-12 
.1253-13 
. 1304-14 
.1231-15 
.1053-16 
.8132-18 
.5666-19 
.3552-20 
. 2000-21 
. 1009-22 
.4555-24 
.1835-25 
.6589-27 
.2104-28 
.5965-30 


.1251-07 

.2261-07 

.2899-07 

.5014-07 

♦6719-07 

.1112-06 

. 1555*06 

.2464-06 

.3587-06 

.5439-06 

.8226-06 

.1194-05 

.1872-05 

.2600-05 

.4216-05 

.5609-05 

.9384-05 

.1196-04 

.2060-04 

.2515-04 

.4449-04 

.5209-04 

.9438-04 

. 1060-03 

. 1963-03 

.2117-03 

.3995-03 

.4140-03 

.7940^03 

.7914-03 

.1539-02 

.1476-02 

. 2902-02 

.2684-02 

.5320-02 

.4746-02 

.9461-02 

.8153-02 

.1630-01 

.1359-01 

.2716-01 

.2193-01 

.4371-01 

.3424-01 

.6787-01 

.5166-01 

. 1015+00 

.7521-01 

.1461+00 

. 1055+00 

.2021+00 

.1426+00 

.2603+00 

.1853+00 

.3415+00 

.2313+00 

.4164+00 

.2772+00 

♦4858+00 

.3186+00 

.5419+00 

.3508+00 

.5772+00 

.3698+00 

.5866+00 

.3728+00 

.5684+00 

.3592+00 

.5245+00 

.3305+00 

.4606+00 

.2901+00 

.3845+00 

♦2420+00 

. 3050 f 00 

.1936+00 


.2290+00 
.1639+00 
.1108+00 
.7095-01 
.4295-01 
.2456-01 
.1326-01 
.6747-02 
.3233-02 
.1458-02 
.6174-03 
.2454-03 
.9144-04 
.3188-04 
.1039-04 
.3161-05 
.8959-06 
.2363-06 
.5788-07 
. 1315-07 
.2765-08 
.5372-09 
.9628-10 
. 1583-10 
.2408-11 
.3347-12 
.4259-13 
.4940-14 
.5239-15 
.5046-16 
. 4412-17 
.3493-18 
.2500-19 
. 16M-20 
.9381-22 
.4899-23 
.2294-24 
.9612-26 
.3598-27 
.1201-28 


.1469+00 
.1060+00 
.7272-01 
.4736-01 
.2925-01 
.1713-01 
.9494-02 
.4979-02 
.2467-02 
.1154-02 
.5089-03 
.2114-03 
.8257-04 
.3030-04 
. 1043-04 
. 3365-05 
. 1015-05 
.2860-06 
.7516-07 
.1839-07 
.4180-08 
.8817-09 
.1722-09 
.3110-10 
.5181-1 1 
.7948-12 
.1120-12 
.1449-13 
.1714-14 
. 1853-15 
. I^i26-i6 
.1637-17 
.1332-10 
.9819-20 
.6544-21 
.3936-22 
.2132-23 
.1038-24 
• 4534-26 
.1774-27 


C13 



TABLE aO NORMALIZED LIKELIHOOD FUNCTION FOR A MAXIMUM AT 13.3 

340° OF 2.9 70 x lO" ' ALL SIX MEASUREMENTS INPUT 12 H'S 
30° 







13.3 




. 5482-21 

. 1045-19 

. 1456-18 

. 1504-17 

. 1166-16 

. 6870-16 

. 3115-15 

. 1099-14 

. 3051-14 

. 5552-20 

. 9410-19 

, 1171-17 

. 1085-16 

, 7579-16 

♦ 4040-15 

. 1663-14 

. 5346-14 

. 1357-13 

. 5074-19 

. 7677-18 

. 8568-17 

. 7146-16 

. 4512-15 

. 2182-14 

. 8182-14 

. 2405-13 

. 5599-13 

. 4190-18 

. 5681-17 

. 5705-16 

, 4299-15 

. 2462-14 

. 1084-13 

, 3715-13 

. 1001-12 

. 2144-12 

. 3131-17 

♦ 3818-16 

, 3462-15 

. 2366-14 

. 1233-13 

, 4960-13 

, 1558-12 

. 3861-12 

. 7633-12 

. 2120-16 

. 2333-15 

, 1917-14 

. 1192-13 

. 5673-13 

. 2092-12 

, 6041-12 

. 1382-11 

. 2528-11 

. 1302-15 

. 1298-14 

. 9705-14 

. 5508-13 

. 2402-12 

. 8143-12 

. 2169-11 

. 4591-11 

, 7798-11 

. 7269-15 

. 6589-14 

, 4496-13 

. 2337-12 

. 9370-12 

. 2930-11 

. 7223-11 

. 1419-10 

. 2244-10 

. 3693-14 

. 3055-13 

. 1909-12 

. 9121-12 

. 3372-11 

. 9757-11 

. 2233-10 

. 4084-10 

. 6030-10 

. 1710-13 

. 1296-12 

. 7440-12 

. 3279-11 

. 1122-10 

. 3012-10 

. 6417-10 

, 1096-09 

. 1515-09 

. 7235-13 

. 5036-12 

. 2667-11 

. 1087-10 

. 3452-10 

, 8632-10 

. 1717-09 

, 2746-09 

. 3565-09 

. 2800-12 

. 1797-11 

. 8803-11 

♦ 3331-10 

. 9849-10 

, 2300-09 

, 4285-09 

. 6436-09 

. 7866-09 

. 9933-12 

. 5897-11 

. 2681-10 

. 9449-10 

. 2609-09 

. 5706-09 

. 9986-09 

. 1412-08 

, 1630-08 

. 3236-11 

. 1783-10 

, 7550-10 

. 2485-09 

, 6427-09 

, 1320-08 

. 2177-08 

, 2907-08 

, 3176-08 

. 9699-11 

. 4977-10 

, 1968-09 

. 6070-09 

. 1475-08 

. 2855-08 

. 4445-08 

. 5622-08 

. 5829-08 

. 2680-10 

. 1285-09 

, 4761-09 

. 1380-08 

. 3159-08 

. 5776-08 

. 8518-08 

. 1023-07 

. 1009-07 

. 6842-10 

. 3073-09 

. 1070-08 

. 2923-08 

. 6325-08 

. 1096-07 

. 1534-07 

. 1754-07 

, 1650-07 

. 1617-09 

. 6827-09 

. 2241-08 

. 5785-00 

. 1186-07 

. 1952-07 

, 2602-07 

. 2838-07 

. 2554-07 

. 3546-09 

. 1411-08 

. 4379-08 

. 1071-07 

. 2087-07 

. 3270-07 

. 4162-07 

. 4342-07 

. 3746-07 

. 7227-09 

. 2720-08 

, 8001-08 

. 1860-07 

. 3452-07 

. 5165-07 

. 6290-07 

. 6291-07 

. 5214-07 

. 1373-08 

. 4897-08 

. 1369-07 

. 3033-07 

, 5376-07 

. 7700-07 

. 8995-07 

. 8648-07 

. 6902-07 

. 2434-08 

. 8256-08 

, 2200-07 

. 4656-07 

. 7902-07 

. 1036-06 

. 1220-06 

. 1130-06 

. 8701-07 

. 4039-08 

. 1306-07 

. 3326-07 

. 6742-07 

. 1098-06 

, 1451-06 

, 1571-06 

. 1404-06 

. 1046-06 

. 6287-08 

, 1943-07 

. 4741-07 

. 9224-07 

. 1445-06 

. 1841-06 

. 1925-06 

. 1665-06 

. 1202-06 

. 9201-08 

. 2724-07 

. 6383-07 

, 1195-06 

. 1806-06 

. 2222-06 

, 2248-06 

. 1886-06 

. 1322-06 

. 1269-07 

. 3608-07 

. 8136-07 

. 1469-06 

. 2145-06 

. 2556—06 

. 2508-06 

. 2043-06 

. 1394-06 

. 1652-07 

. 4523-07 

. 9839-07 

. 1717-06 

. 2428-06 

♦ 2807-06 

. 2676-06 

. 2122-06 

. 1411-06 

. 2036-07 

. 5330-07 

, 1131-06 

. 1913-06 

. 2625-06 

. 2949-06 

. 2738-06 

. 2117-06 

. 1374-06 

. 2382-07 

. 6085-07 

. 1240-06 

. 2035-06 

. 2714-06 

. 2970-06 

. 2689-06 

. 2031-06 

. 1290-06 

. 2650-07 

. 6559-07 

. 1297-06 

. 2070-06 

. 2691-06 

. 2373-06 

. 2541-06 

. 1878-06 

, 1169-06 

. 2810-07 

. 6754-07 

. 1299-06 

. 2020-06 

. 2562-06 

. 2673-06 

. 2315-06 

. 1676-06 

. 1024-06 

. 2848-07 

. 6659-07 

. 1248-06 

. 1894-06 

. 2348-06 

. 2399-06 

. 2036-06 

. 1447-06 . 

. 8687-07 

. 2766-07 

♦ 6300-07 

. 1153-06 

. 1710-06 

. 2076-06 

. 2079-06 

. 1733-06 

. 1211-06 

. 7153-07 

. 2570-07 

. 5733-07 

. 1026-06 

. 1490-06 

. 1774-06 

. 1745-06 

. 1429-06 

. 9834-07 

. 5725-07 

. 2313-07 

. 5030-07 

. 8313-07 

. 1256-06 

, 1468-06 

. 1420-06 

. 1145-06 

. 7766-07 

. 4461-07 

. 2003-07 

. 4264-07 

. 7328-07 

. 1025-06 

. 1179-06 

. 1123-06 

. 8928-07 

. 5975-07 

. 3391-07 

. 1677-07 

. 3502-07 

, 5910-07 

. 8133-07 

. . 9207-07 

. 8644-07 

. 6785-07 

. 4487-07 

. 2519-07 

. 1361-07 

. 2791-07 

. 4633-07 

. 6278-07 

. 7007-07 

. 6494-07 

, 5037-07 

. 3295-07 

. 1831-07 

. 1074-07 

. 2165-07 

. 3538-07 

. 4727-07 

. 5207-07 

. 4769-07 

. 3659-07 

. 2370-07 

. 1305-07 

. 8252-08 

. 1638-07 

. 2638-07 

. 3479-07 

. 3787-07 

. 3430-07 

. 2606-07 

. 1673-07 

. 9139-08 

. 6192-08 

. 1211-07 

. 1925-07 

. 2508-07 

. 2700-07 

. 2421-07 

. 1823-07 

. 1161-07 

. 6297-08 

. 4547-08 

, 0776-08 

. 1378-07 

. 1775-07 

. 1091-07 

. 1681-07 

. 1255-07 

. 7934-08 

. 4276-00 

. 3277-00 

. 6244-03 

. 9691-08 

. 1236-07 

. 1304-07 

. 1150-07 

. 8520-08 

. 5350^08 

. 2867-08 

. 2322-08 

. 4372-08 

. 6714-08 

. 8473-09 

. 0875-09 

. 7761-08 

. 5713-03 

. 3566-08 

. 1901-08 

. 1622-08 

. 3020-08 

. 4592-08 

. 5747-08 

. 5968-03 

. 5182-09 

. 3791-08 

. 2354-08 

. 1249-08 

. 1119-08 

. 2063-08 

. 3107-08 

. 3056-03 

. 3975-03 

. 3429-03 

. 2494 - 08 *- 

. 1541-08 

. 8141-09 

. 7645-09 

. 1395-08 

. 2084-08 

. 2566-03 

. 2627-08 

. 2253-08 

. 1630-08 

. 1002-08 

. 5276-09 

. 5184-09 

. 9375-09 

. 1388-00 

. 1697-03 ' 

. 1726-03 

. 1472-08 

. 1060-08 

. 6491-09 

. 3404-09 

. 3496-09 

. 6267-09 

, 9208-09 

, 1118-08 

. 1130-03 

. 9583-09 

. 6869-09 

. 4190-09 

. 2190-09 

. 2351-09 

. 4178-09 

. 6092-09 

. 7345-09 

. 7381-09 

. 6229-09 

. 4445-09 

. 2702-09 

, 1408-09 

. 1579-09 

. 2783-09 

. 4028-09 

. 4825-09 

. 4822-09 

. 4049-09 

. 2877-09 

. 1743-09 

. 9054-10 

. 1062-09 

. 1856-09 

. 2667-09 

. 3175-09 

. 3155-09 

. 2637-09 

. 1866-09 

. 1126-09 

. 5834-10 

. 7160-10 

. 1242-09 

. 1772-09 

. 2096-09 

. 2072-09 

. 1723-09 

. 1214-09 

. 7303-10 

. 3773-10 

. 4854-10 

. 8354-10 

. 1184-09 

. 1391-09 

. 1367-09 

, 1132-09 

, 7943-10 

, 4760-10 

. 2452-10 

. 3314-10 

. 5659— 1 0 

. 7961-10 

. 9300-10 

. 9088-10 

. 7485-10 

. 5231-10 

. 3123-10 

. 1604-10 

. 2284-10 

. 3868-10 

. 5402-10 

. 6270-10 

. 6092-10 

. 4992-10 

. 3473-10 

. 2066-10 

. 1057-10 

. 1591-10 

. 2672-10 

, 3704-10 

. 4271-10 

. 4125-10 

. 3362-10 

. 2329-10 

, 1379-10 

. 7033-11 

. 1122-10 

. 1869-10 

. 2571-10 

. 2944-10 

. 2326-10 

. 2291 - 1.0 

. 157 V - 10 

. 9309-1 1 

. 4728-11 

. 3029-11 

. 1326-10 

. 1910-10 

. 2057-10 

. 1962-10 

. 1581-10 

. 1083-10 

. 6359-11 

. 3217-11 

. 5833-1 1 

. 9553' 1 1 

. 1293-10 

. 1459-10 

. 1332-10 

. 1106-10 

. 7540 - 1 1 

. 4403-11 

. 2217-11 

. 4320-11 

. 7003-11 

. 9397-11 

. 1052-10 

. 9837-11 

. 7863-11 

. 5326-11 

. 3093-11 

. 1549-11 

. 3258-11 

. 523 ' 7-1 1 

. 6954-11 

. 7716-11 

. 7198-11 

. 5683-11 

. : 58 :* 4 -ll 

. 2207-11 

. 1099-11 

. 2508-11 

. 3984-1 1 

. 5 : M 6 -I 1 

. 5769- 1 1 

. 5337 - 1 1 

. 4181-11 

. 2793-1 1 

. 1601-1 1 

. 7927-12 

. 1973 - 11 

. i 100-1 1 

. 4041-11 

. 4401 - 1 1 

. 4035-1 1 

. 3135-11 

. 2078-1 1 

. 1 183-11 

. 5815-12 

. l5FiV- 1 1 

. 24 <» 7 - 1 1 

.318111 

. 3429 - 1 1 

. 3114-11 

. 2393-11 

. 1576-11 

. 8898-12 

. 4343-12 

. 1310-11 

. 20 10-11 

. 2562-11 

. 2732-11 

. 2455-11 

. 1872-11 

. 1220-1 1 

. 6828-12 

. 3306-12 



TABLE Cll NORMALIZED LIKELIHOOD FUNCTION. FOR A MAXIMUM AT 

13.3 M/S, 206, OF 3.159 x 10“ . ALL SIX MEASURE- 
MENTS INPUT 12 M/S, 30 . 


13.3 


.7163-05 

. 1605-04 

.2854-04 

.4070-04 

.4699-04 

.4433-04 

.3446-04 

.2227-04 

.9541-05 

.2108-04 

.3700-04 

.5210-04 

.5939-04 

.5533-04 

. 4249-04 

.2713-04 

.1250-04 

.2729-04 

.4732-04 

.6583-04 

♦7418-04 

.6831-04 

.5186-04 

.3274-04 

.1611-04 

.3477-04 

.5963-04 

♦8206-04 

.9146-04 

.8332-04 

.6259-04 

.3910-04 

.2040-04 

.4358-04 

.7399-04 

. 1008-03 

.1112-03 

.1003-03 

.7466-04 

.4619-04 

♦2535-04 

♦5367-04 

.9030-04 

.1219-03 

.1333-03 

♦1192-03 

.8793-04 

.5393-04 

.3090-04 

.6490-04 

. 1083-03 

, 1451-03 

.1574-03 

.1397-03 

. 1022-03 

.6220-04 

.3691-04 

.7699-04 

.1276-03 

.1698-03 

.1829-03 

.1612-03 

.1171-03 

.7081-04 

.4316-04 

.8952-04 

.1475-03 

.1951-03 

.2090-03 

.1831-03 

.1323-03 

.7952-04 

.4937-04 

.1019-03 

.1672-03 

.2202-03 

.2348-03 

♦2017-03 

.1472-03 

.8804-04 

♦5521-04 

.1136-03 

.1858-03 

.2437-03 

.2590-03 

.2249-03 

. 1612-03 

.9604-04 

.6030-04 

.1238-03 

.2021-03 

.2644-03 

.2803-03 

.2429-03 

.1736-03 

.1032-03 

.6428-04 

♦1319-03 

.2150-03 

.2811-03 

.2977-03 

.2576-03 

.1838-03 

.1091-03 

^ .6683-04 

.1372-03 

.2238-03 

.2926-03 

.3098-03 

.2680-03 

. 12-03 

.1134-03 

206 —^^72-04 

.1393-03 

.2276-03 

.2980-03 

.3.15 V - O 3 

.2736 03 

.1953-03 

. 1 159-03 

.6683-04 

.1380-03 

.2260-03 

.2968-03 

.3154-03 

.2738-03 

.1958-03 

.1164-03 

.6419-04 

.1332-03 

.2191-03 

.2889-03 

.3082-03 

.2684-03 

.1926-03 

.1149-03 

.5998-04 

.1252-03 

.2072-03 

.2746-03 

♦2945-03 

.2577-03 

. 1858-03 

. 1115-03 

.5447-04 

.1146-03 

.1910-03 

.2549-03 

.2750-03 

.2422 03 

.. 1756-03 

.1058-03 

.4807-04 

. 1020-03 

.1715-03 

.2308-03 

.2510-03 

.2227-03 

.1626-03 

.9857-04 

.4118-04 

.8331-04 

. 1500-03 

.2038-03 

.2237-03 

.2002-03 

.1474-03 

.9008-04 

.3423-04 

.7431-04 

. 1277-03 

.1754-03 

. 1946-03 

.1759-03 

.1308-03 

.8066-04 

.2760-04 

.6073-04 

.1057-03 

.1471-03 

. 1651-03 

.1510-03 

.1135-03 

.7074-04 

.2156-04 

.4818-04 

.8510-04 

.1201-03 

. 1366-03 

.1265-03 

.9631-04 

.6075-04 

.1632-04 

.3708-04 

.6657-04 

.9538-04 

.1101-03 

.1035-03 

.7987-04 

.5105-04 

i 1196-04 

.2768-04 

.5057-04 

.7370-04 

.8653-04 

.8260-04 

.6471-04 

.4197-04 

.8479-05 

.2002-04 

.3730-04 

.5537-04 

.6618-04 

.6428-04 

.5120-04 

.3374-04 

.5814-05 

.1403-04 

.2669-04 

.4043-04 

.4926-04 

.4375-04 

.3953-04 

.2651-04 

.3853-05 

.9517-05 

. 1852-04 

.2866-04 

.3567-04 

.3602-04 

.2970-04 

.2035-04 

.2466-05 

.6247-05 

.1245-04 

. 1973-04 

.2511-04 

.2591-04 

.2188-04 

. 1525-04 

.1524-05 

.3966-05 

. .8111-05 

.1310-04 

. 1718-04 

. 1814-04 

. 1567-04 

. 1116-0 < 

.9090-06 

.2433-05 

.511 5—05 

.8534-05 

.1141-04 

.1236-04 

♦ 1093-04 

.7969-05 

.5227-06 

.1442-05 

.3122^05 

. 5357-05 

.7363-05 

.8184-05 

.7425-05 

.5548-05 

.2897-06 

.8252-06 

.1842-05 

.3258-05 

.4609-05 

.5267-05 

.4909-05 

.3765-05 

♦1546-06 

. 4556-06 

.1051-05 

.1918-05 

.2797-05 

.3293-05 

.3158-05 

.2489-05 

.7944-07 

.2426-06 

.5792-06 

.1093-05 

. 1646-05 

.1998-05 

.1975 05 

. 1603-05 

.3927-07 

.1245-06 

.3081-06 

.6020-06 

.9379-06 

.1177-05 

.1200-05 

.1004-05 

.1866-07 

.6152-07 

.1582-06 

.3206-06 

.5175-06 

.6720-06 

.7086-06 

.6124-06 

.8510-08 

.2926-07 

.7829-07 

. 1649-06 

.2763-06 

.3719-06 

.4061 -06 

.3630-06 

.3733-08 

. 1339-07 

.3734-07 

.8109-07 

.1426-06 

.1994-06 

.2258-06 

.2090-06 

.1570-08 

.5888-08 

.1715-07 

.3923-07 

.7117-07 

.1035-06 

.1217-06 

.1169-06 

.6329-09 

,2488-08 

.7582 r 08 

.1312-07 

.3429-07 

.5193-07 

.6350-07 

.6348-07 

.2445-09 

.1009-08 

.3223-08 

.8061-00 

. 1595-07 
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APPENDIX D THE PARAMETERS FOR THE VARIANCE AND STANDARD 
DEVIATION OF THE BACKSCATTER MEASUREMENTS, 

The parameters used in the Monte Carlo simulations account 
for attitude error, the slightly longer gate (which adds a slight 
amount of added noise) for the signal than the duration of the 
signal and reciever noise. It is possible to Monte Carlo either 
received power or backscatter since the one differs from the other 
only by a constant. It is quite possible for the estimate of the 

I-*.* ^ ^ 

received power to be negative and thus negative values of a in 
antiiog form are also possible. All of the simulations used these 
negative numbers in the likelihood function whenever they happened. 
Only if both vertical polarization measurements 90 ° apart are 
negative, will the procedures used fail for that particular set 
of values . 

The variance of the backscatter can be expressed in the general 

form 

VAR 0° = C^(0° + + Cj (Dl) 

in the absense of attitude error. Attitude error (small for the 
SCATT) adds another term of the form. 

VAR a° = C4(o°)^ + Cj(o° + C2)^ + C3 (D 2 ) 

Both forms show that the variance can never be negative, and in fact 
\M(. o° has a zero lower bound. Equation (D 2 ) can be put in 
the form 

VAR a° = a o°^ + 6 0° + Y (D 3 ) 
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where 


a = 

C4*Cj 

(D4) 

3 = 

2Cj Cj 

CDS) 

Y = 

'^1 s' * S 

CD6) 


The parameters used in this study for Beams 1, 2, and 3 are 
given in the following tables. They represent only a selected sub- 
set of the continuous row of cells in the patterns covered by the 
SCATT. 

In terms of the values given in Tables D1 and D2, the variance 
of 0 ° can be computed from Equation (D7) . 


VAR a° = (A + X) a° + 2X Ni?a° + 1.2 X(Ni?)^ 


(D7) 
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TABLE D1 PARAMETERS FOR BEAMS 1 AND 
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TABLE D2 PARAMETERS FOR BEAM 2 
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APPENDIX E 


DATA ON ONE DEGREE VARIATIONS IN ASPECT ANGLE FOR AN 
8 M/S WIND AND AN INCIDENCE ANGLE OF 39°. 

The Data Appendix contains the results of a run for one degree 
changes in aspect angle for a wind of 8 m/s, at an incidence angle of 
39°. These data provide an indication of the scatter (or coarsness) 
of the 15° changes in aspect angle. 

Figure El is a graph of the correlation coefficients in 1 de- 
gree steps. Also shown is a 5 point running average plus and minus the 
standard deviation of this 5 point running average. The scatter of the 
individual values is large. A trend is clear and would show up for 
similar calculations at other wind speeds and incidence angles. The 
scatter is particularly large near zero degrees and just past 20°. 

Figure E2 shows the standard deviations of the errors in wind 
direction plus a five point running average plus and minus one stand- 
ard deviation. For the smoothed data direction errors exceed 7.5° 
for aspect angles between 10° and 25°. Above 29°, the errors are 
one third of those between 10° and 25°. If this effect were to 
occur for other wind speeds and over other values of aspect and in- 
cidence angle, it could be used to locate areas of the wind field for 
which the wind direction would be very accurate. These areas would 
correspond to places where the wind direction was more than 30° away 
froim the direction of Beam 1 and less than some value greater than 
47°, which could be found by continuing the calculations that gave 
Figure E2 for a full 360°. There would probably be other direction 
ranges for which the direction errors would be about ± 2.5? 
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FIGURE El CORRELATION BETWEEN WIND SPEED AND WIND DIRECTION ERRORS IN ONE 
DEGREE AZIMUTH STEPS FOR 8 M/S AND AN INCIDENCE ANGLE OF 39°. 
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APPENDIX F A NOTE ON CELL AVERAGES 


The values of the normalized likelihood function will be different 
depending on how it is calculated for multiple cell combinations. As 
discussed on Page 88 and following, consider the terms that contri- 
buted to the logarithm of the likelihood function from just one antenna 
and one polarization for a 5 cell average. 

The 5 measurements could be averaged to yield 


-0 1 5 -0 

a = ^ E o 
5 1 p 


(FI) 


The term in the likelihood function for this one value would be (F2) 


tn 


L’ = - h ^ 


o°(V,x))^ 


((VAR o°(V,x))/5) 


(F2) 


+ other terms. 

The other way to use the data would be., to compute (F3) 


In L* = 


5 (o° - o°(V,x))^ 

- Z E 

1 VAR a°(V,x) 


(F3) 


+ other terms 


In (F2) , the term is a maximum if o°(V,x) = The stnn 

of terms in (F3) will also be a maximum if a°(V,x) = o° since 
the second moment about the mean is the smallest second moment 
possible. 
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Pooled data for the SASS on SEASAT if evaluated for the 
vertical polarization mode with two beams 90° apart for paired 
cells with nearly the same incidence angle would yield curves similar- 
to Figure 4 as the loci of the maxima of the two sets of terms one 
from each beam. The recovered winds would be virtually identical 
except for the added complications of the small contributions from 
the terms involving the natural log of the variance. 

In a Monte Carlo simulation both (F2) and (F3) could be 
evaluated at the input wind speed and direction. For this point 
in the V-y plane, (F2) becomes 

and (F3) becomes 

7nL^ = -32 I (t^) 4+ CF5) 

The quantity in (F4) is essentially a Chi Square variable with 
one degree of freedom, which has a high probability of being near zero. 
The quantity in (F5) is essentially a Chi Square variable with 
5 degrees of freedom with a small probability of being near zero. 

Vertical polarization pair measurements of backscatter 90° 
apart should yield the same winds whether averaged first or pooled 
in the likelihood function. For the SCATT design the situa- 
tion is different. The calculation of the normalized likeli- 
hood function from averaged backscatter values based on all 6 SCATT 
measurements will not yield the same result as calculating the 
function from* individual values since the function responds differently 
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to the scatter of the data for a particular antenna and polarization. 
In one case, data with large scatter can produce the same mean as 
data with small scatter. In the second case, the large scatter will 
greatly reduce the maximum of the function compared to the smaller 
scatter. 
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APPENDIX G 


A COMPARISON OF THE SCAT? CELL PATTERN WITH A COARSER 
RESOLUTION CELL PATTERN 


Introduction 

As a spacecraft moves along in a near earth orbit, a radar 
system has only a small amount of time to make a measurement for 
a given area of the ocean. With the addition of two more measurements 
on each side of the spacecraft for a total of six measurements, the 
time available for each measurement must decrease. The advantages 
of designing for a nominal 10 km resolution and then pooling the 
data to obtain larger resolution cells, compared to using a larger 
nominal 50 km cell and not pooling the data, are many. The first 
of the two procedures ought to provide more accurate vector wind 
values. In this appendix, the various features of two alternative 
designs will be discussed so as to demonstrate the advantages of 
an initial 10 km resolution. These results are based on information 
provided by Mr. E. M. Bracalehte in a review of an earlier version 
of this report. 

A 50 km Resolution Pattern 

For a given range abeam of the subsatellite track of a space- 
craft with a 50 km scanning pattern for a scatterometer, the 
centroids of the six cells scanned by the spacecraft can be made to 
fall along a line paralleling the subsatellite track at a constant 
distance abeam. This requires tunable doppler filters to accoxmt 
for the effect of earth rotation. 

As shown schematically in Figure IG, the six centroids for a 
set of six measurements at a nominal 50 km resolution are shown 
by circles, squares and triangles lab led for the two polarizations, 
(H, for horizontal and V, for vertical). The outlined measurements 
are for horizontal polarization. The first measurement would be 
centered on the vertical polarization circle for beam 1. The 
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second would be centered on the horizontal polarization circle for 
beam 1, and the illuminated area is outlined by straight lines and 
dashed lines. The area illuminated by the V pol measurement could 
be found by shifting the H pol area upward to center it on the V pol 
circle. 

Some time later the V and H polarization measurements for 
beam 2 would be made, and the illuminated area for H polarization is 
again outlined. Still later, beam 3 would make two measurements. 

The antenna pattern for a given antenna of a scatterometer can be 
described by a function, if^Cr, 9, 4.). This function has value on a sur- 
face in three dimensional space such that, for beam 1 for r measured 
along a line at 45° to the spacecraft, the half power points, ^ 

relative to the maximum at the center of the line as given by (\j>(rj^, 9^^, ± e)) / 
(4»(r^, 9^, are very close to the line. A long thin band of the sea 

surface is iilximinated each time a radar, pluse is transmitted. The motion 
of the spacecraft plus earth rotation effects introduce different doppler 
shifts as a function of range to the illuminated area, and by filtering 
the return signal for various variable doppler frequency bands, a number 
of cells can be isolated along this long thin band. The dashed portions of 
the outlined cells are determined by the doppler filters. 

The outlined cells also have lines parallel to the sub-track direction. 
The ^stantaneously illuminated sea surface area for beam 1, H-pol would 
be found by drawing a straight line paralled to the long side starting at 
the lower left comer and connecting it to a different doppler line near 
the upper right. This instantaneous area is outlined along the top 
by a dash-dot line? A succession of pulses is transmitted for a parti- 
cular beam before switching to a different polarization, or a new beam, 
and the motion of the spacecraft causes the resulting six sided polygon. 

The backscatter measurements from all of the pulses for a given beam and 
instantaneous cell, as it moves, are averaged to obtain the value of a 
to be used in the determination of the wind. 

•* ; ] ^ 

Actually a few milliseconds. 
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The full scanning pattern can be approximated, except for earth 
curvature and other refinements, by laying out this 50 by 50 km 
square in a repeated pattern on a square grid and by allowing the 
six cells to shift up and down inside the square and relative to each 
other. 

A 10 Kilometer Resolution Pattern 

A 10 km resolution pattern is illustrated in Figure 2G. The 
centroids of six resolution cells are coded as in the previous figure. 

The three vertical polarization cells associated with the "+'* sign 
at the center of the 50 km by 50 km square are shown. The slanted 
solid lines are determined by the beam width ((f), the dashed lines are the 
doppler boundaries, and the vertical solid lines are the effect of space- 
craft motion. Cells farther out in the pattern for beams one and three 
are illustrated also as well as one closer in for beam 2. 

This new pattern is generated by using five times the number of 
tunable doppler filters along each beam and by using only one fitth 
the number of radar pulses per measurement to obtain the data from which 
the value of is computed. Note that the long sides of the cells 

for beam 2 are determined by doppler filters. The beam is acutally 
pointing at an angle of 20° to beam 1. 

All six cells at the center plus sign could be found by shifting 
the three cells shown downward so as to be centered on the triangle, 
square and circle labled with an H. The very small distance moved by 
the spacecraft during a measurement is shown both by the vertical 
lines bounding each polygon and by the separation of the pairs of 
triangles, squares and circles. 

The full pattern over the 50 km by 50 km square would be generated 
by translating each of the six cells defined at the center (three of 
which are shown) , to 25 different locations having the same relative 
position with reference to each of the 25 plus signs inside the square. 
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The large square is almost con^letely covered by beam 1 and beam 3 
cells when this is done, and the beam 2 cells cover more than half 
of the 2500 square kilometer area. This pattern is then repeated 
by placing 50 km squares side by side jmd vertically to fill out the 
swath. Because of earth curvature effects and other complications, the 
details of the pattern vary with increasing distance abeam of the 
spacecraft. However, the general properties of the pattern are essentially 
as illustrated. 

Comparisons 

From Figure IG, the area covered by a single cell is roughly 
13 by 70 km, or about 910 square kilometers. The twenty-five corresponding 
cells from Figure 2G nearly completely cover the 2500 square kilometer 
area (about 2437 square kilometers) . Pooling the 25 cells into one 
measurement of backs catter as tested in the Monte Carlo studies 
increases the sea surface area saiq)led by more than a factor of three 
coll^)ared to the 50 km scanning pattern. Moreover, the total ares sampled 
is obviously more representative, from the meteorological point of view, 
of the center of the 50 km by 50 km square than the illumination 
pattern shown in Figure IG. 

The 10 km resolution pattern really does not buy something for 
nothing. The beam width in the (|) direction is used more effectively in 
the 10 km pattern than in the 50 km pattern. It is the same for both 
designs, but the movement of the spacecraft for the 50 km design nearly 
doubles the cell areas for beams 1 and 3 and increases them by only 
25 percent, or so, for the 10 km design- The pulse repetition fre- 
quencies and the procedure for cycling through polarizations and beams 
make more effective use of the beam width, <|), in the 10 km design and 
make it possible to cover the sea surface more uniformly. 
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other Advantages 

The data reduction procedures for the 10 km resolution 
design are not firmly established. In areas of high winds and large 
wind speed gradients, the higher resolution may prove useful. The 
data can perhaps be pooled in other patterns such as 2 by 2, (400 sq 
km.), 3 by 3 (900 sq. km.), 4x4 (1600 sq. km.), 1 by 5 (500 sq. km.) 
2 by 5 (1000 sq. km.) and so on. These patterns will depend upon 
additional knowledge of mesoscale wind features over the ocean. 

Some aspects of these techniques are discussed in the main text 
of this report. 
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